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CHAPTER I 



LOCATION, DSSCRIP.IO:,, ALP BRIEF REVIEW 

OF 

EACH RESERVE 

There are four naval petroleum reserves and three oil 
shale reserves. These public lands are in the possession 
and under the authority of the Navy, The Secretary of the 
Navy is responsible to Congress and the President for their 
administration and for the operation of petroleum reserves. 
The Secretary of the Navy administers the reserves through 
a senior naval officer appointed as the Director Naval Petro- 
leum and Oil Shale Reservos. The administrative staff of the 
Director is described in Chapter VII of this report. 



LOCATIONS 



The general locations of the reserves within the con- 
tinental United States are shown in Figure 1-1, The only 
reserve lying outside the boundaries of the United States 
Is shown in Figure 1-2. 
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Showing the Location of the Navy's Largest Petroleum Reserve Which Was Actively 
fro 1944 to 1952. An Enlarged Map of the Reserve is Shown on FIG. 2-11. 
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Naval Petroleum Reserve No. 1 ( Flk: Hills) . 

This reserve is located near Tupman, Kern County, Cali- 
fornia. It lies approximately 20 miles west of the city of 
Bakersfield. The reserve covers 46,095 acres and is one of the 
greatest oil fields in the United States. A map of the reserve 
showing its boundaries at different times in the field’s life 
is shown in Figure 1-3. As of January 1954, it was the 
largest oil field in California with estimated recoverable 
reserves exceeding 700 million barrels of oil and an estimated 
constant productive capacity of about 140,000 barrels per day 
for five years, or an initial emergency capacity of over 200,000 
barrels per day. 

The field is jointly owned by Navy and Standard Oil ^ 

Company of California, with Navy having the majority interest. 

It is unitized with Standard as the Operator for Navy who has 
complete control of the reserve. 

N.P.R. No. 1 is currently the most important of all the 
naval petroleum and oil shale reserves. It Is the only one 
functioning as a true petroleum reserve. 

A typical view of this reserve is shown on Figure 1-4. 

Naval Petroleum Reserve No. 2 (Buena Vista Hills) . 

This reserve lies adjacent to the southern boundary of 
N.P.R. No. 1 as shown on Figures 1-1 and 1-3. Sections of the 
city of Taft, California, lie within the reserve. The reserve 
comprises 30,181 acres of which only 34.6 per cent bel ong to 
Navy. 
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PIG. 1-3, Showing the Different Boundaries During the Life of the Navy’s Currently Mcfst 
Important Petroleum Reserve, N.P.R. No. 1 (Elk Hills), Tupman, Calif. Note 
that N.P.R. No. 2 is Adjacent to N.P.R. No. 1 on the South. 





P IG. 1-4. Typical View of N.P.R. No* 1 (Elk Hills) Showing Stevens Zone Yell Head in Left. 
Foreground with Background of Shallow Zone Lerricks* Note Arid Nature of Terrain and 
Surface Reflection of Anticlinal Structure* (Reproduced from Art. ?n N.r.R. No. 1 by 
Car* VS. h . Cm 3 tafson , U C N , Rel . Ill, bib 1 io* ) 



Because of Navy's minority interest, it was never practi- 
cal for the Government to attain control from numerous private 
interests intent on producing oil. Consequently, the reserve 
has been on continuous production since its discovery in 1909 
with a cumulative production of approximately 138 million 
barrels by 1952. 

About 88 percent of the Government's land within the re- 
serve is leased to private interests who produce the oil and 
pay Navy the equivalent value of the royalty oil. As of 30 
June 1952, the Government had received approximately 27 million 
dollars from reserve in lease payments and petroleum sales. 

Of the estimated remaining recoverable oil of nearly 23 
million barrels, the Government is due to receive only the 
equivalent value of about 3.6 million barrels of royalty 
oil. 

Thus this field has never functioned as a true petroleum 
reserve. It is of importance only in its past and future 
income to the Government. 

Naval Petroleum Reserve No. 3 (Teapot Dome) . 

This reserve, located noar Casper, Wyoming, comprises 
9,321 acres. All of the land Is owned by the Navy. The 
field wa3 partially developed by lessees for Navy; but 
all of the producing wells were 3hut-in on 31 December 1927 
and have remained shut-in ever since. Prior to being shut-in, 
the field had produced approximately 3.5 million barrels of 
oil with a royalty value of about 6 million dollars accruing 
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to the Government 



Remaining reserves from the developed Second Wall Creek 
Zone ar estimated at 8.4 million barrels. Several deep ex- 
ploratory wells in 1952 and 1953 discovered an oil accumulation 
in the Tensleep Sand Zone. The results of these tests and 
the exact estimates of the recoverable oil in the Tensleep 
Horizon is not well known by this student, except the fact 
that the new reservoir is considered only a minor oil reserve. 

Although this reserve is perhaps the best known of all the 
reserves as a result of the Teapot Dome scandals of the twentie 
it is in no true sense of the word a naval petroleum reserve. 

It has been tested and found wanting in oil reserves and 
capacity. The only value lies in the income the Government 
eventually may receive from the royalty oil. 

Naval Petroleum Reserve No. 4 . 

This huge, 37,000 square mile reserve, is located in 
Northern Alaska, just south of Point Barrow in the area shown 
on Figure 1-1. In 1944, during the last war, with the Govern- 
ment anticipating a possible oil shortage, Navy commenced 
actively exploring the reserve for possible oil deposits. 

This exploration program continued for nine years until it was 
suspended in March 1953. 

Oil or gas was found in almost every one of the 45 test 
holes drilled---a few of which went as deep as 12,000 feet. 

Only one extemsive oil deposit was found at Umiat in the 
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southeastern section of the reserve. This field is estimated 
to contain 50 million barrels. One large gas field was also 
found. Some evidence of the extent and success of the drilling 
program to August 1952 is shown in an enlarged nap of the 
Reserve in Figure 2-11. About 50 million dollars was spent 
in the exploration program. 

What is the relative importance of this reserve? At the 
present time it is of little importance due to the small amount 
of oil discovered and the great difficulty involved in getting 
any oil out of the area. However, it is possible that in any 
area of 3*7,000 square miles great oil deposits may one day be 
found; and this oil will be produced and transported in spite 
of all difficulties and expense involved, provided the demand 
is great enough and the selling pries is high enough. This 
reserve is believed to have great potential value. 

The Oil Shale Reserves . 

The great oil shale holdings of the ^avy are divided into 
three reserves as shown on the location map of Figure 1-1 j 
Shale Reserves Mo. 1 and No. 3 in western Colorado; and Shale 
Reserve No. 2 in eastern Utah. NOSH No. 1 comprises an area 
of 41,353 acres with an estimated shale oil reserve in rich 
shales of about 5 billion barrels. NOSR No, 3, bordering 
NOSR No. 1 on three sides, has less than 15 percent of its 
area as shale, but it was still necessary to establish this 
area as a reserve in order to provide working space and 
spent-shale disposal areas for future operations of NOSR No. 1. 
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The oil reserves from both the rich and lean shales of NOSR 
No. 1 and No. 3 are estimated at 36 billion barrels. NOSR 
Ho. 2 is the largest of the three with an area of approxi- 
mately 92,160 acres. No estimate ha3 been made of its great 
shale oil reserves. 

Although Navy is responsible for the administration of 
the oil shale reserves, it is specifically prohibited by the 
Act of 30 June 1938 from developing or operating these reserves. 

The oil shale reserves are of tremendous potential value. 
Judging by the results and reports of Buhines experimental work 
at the Oil Shale Demonstration Plant near Rifle, Colorado, and 
personal discussions with engineers in the petroleum industry, 
the economic production of oil shale on a competitive commer- 
cial basis with crude oil nay now, or soon will be, possible. 

It is the considered opinion of many men, in and out of the 
petroleum industry, but all concerned with che needs of this 
nation in any future emergency, that the Government should 
take immediate, positive steps to finance and establish a Shale 
Oil Recovery Unit or Units on a commercial scale. 'This step 
could be taken with proper safeguards and guarantees to the 
petroleum industry as regards any possible harmful effects 
of such a program on the industry’s economy. 

But we’ll probably wait until it’s (almost) too late. 
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POLICY 



As summarized in a "History of the Naval Petroleum and Oil 
Shale Reserves" issued by the Director,^ the Navy’s policy con- 
cerning these reserves is as follows... 

"Navy’s policy us to the future administration of tne naval 
petroleum reserves will be, as it has in the past, that there 
shall be the maximum conservation of oil consistent with the 
needs of the national military and naval security. Hie Navy 
has regarded itself as charged by Congress with tht responsi- 
bility for maintaining its present holdings of oil lands as 
a reserve in the ground, insofar as that can possibly bo 
achieved, and for restricting production to the minimum neces- 
sary to maintain the field in a state of readiness. 

As to the oil shale reserves, the Navy’s policy is to 
watch and encourage research, both Governmental and private, 
in synthetic liquid fuels from 3hale. The potential value of 
the shale reserves must not be underestimated." 
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HISTORY 



Aside from stating that the Naval Petroleum Reserves ori- 
ginally were set aside over a span of years for the purpose 
of providing future naval fuel-oil supplies, the history of 
the reserves and of the development of the present national 
policy concerning them will not be attempted in this report. 

Prior to the establishment of the first Reserve, N.P.R. No. 1, 
in 1912, and continuing to the present time, this history has 
been stormy and controversial. It would be difficult to pre- 
sent a clear and unbiased review of this history without writing 
a long and detailed report. However, excellent hiatorys, 

•s 

referred to in the selected bibliography below, have been written 
summarizing the numerous Acts of Congress, Presidential Execu- 
tive Orders, Congressional Hearings, and litigation related 
to the reserves. Most of these items are listed in the biblio- 
graphy of this report, together with a short brief of the 
contents of each, which may supply the reader with enough 
information . 



SELECTED REFERENCES Hi THE BIBLIOGRAPHY 



2, 3, 5, 6, 111, 124, 170, 245, 247 



V ' J . 



- f v >V 1 i • . . r ' I £ 

' 5 .V * ).. - « i •- W - - • tlXjrii*!.? 

0 *■'< ' » 1 ' . u . V. V. ' A * •“ . Ui »*I. . * v 

i ".•< j* .> &t i j ■ * • » , jl .j c . e- - ^ *i ftjij 

• ' • 1 »J« « *>jS J .< «. • J.X.' • e , • « 8* « ' oixi>*| 

t I . . t ■ !• d . >;«• i -i c ut.« j.d*u ■* •" 'it* i . j •ci “xi 

•m*' * ■ • t « a i •• 1 : 1 t • ' ■- «J . ■ • • *u - . . f . ,'Pt 

“ Cv i. o • 1 t j t . i x • r ^- •• 

■ ••»* . < . *• V* : H- • I 'I r Jr.se 

t ti • f.. rn 3 -xlfe. • . • •>. r, *1 .M. • •», X.I S 

.< « i i d . . « *• i»* Y'- I %•* X-l •* *'«•!■- .utii x c.t 

" J-*’ ■ ]&' * 1 4 * i ! joi iii • liJoj. a ■ ■ •' • > j< • j . i 8 

- ' ' i i • i, . . ’«-( .■ «viJ 

-c a. nU • j ••• • J . ...... , , „ .‘i >di 

* <■ s ' • *«-• - f .i • • C\< * ' , 7 1 

C*. # J "t.., ■ • • J x- . fi >1 ' • , 0 

. .ic i i m i*20l ni 






? ■ '. ’ ■ - i ; .i o u. ._ 



V;v t ' ■ : ' W «Xx t c ,H 



4 



CHAPTER II 



GEOLOGY 

I; A VAT, PETR 01 FUti RFSFR VT NO. 1 
Regional Geology . 

Tho Immediate regional geology associated with Elk Hills 
is best shown by the geologic section of Figure 2-1. It shows 
the Reserve to be a separate and distinct field except for some 
off-set drainage production on the southern and eastern edges 
of the Reserve. There are numerous nearby oil and gas fields 
in this lower end of the San Joaquin Valley. However, only 
three appear to directly affect N.P.R. No . 1, and they are: 

(1) the Buena Vista Front Field on the southern edge, 
from which the Reserve produces some oil to prevent 
drainage from Section 14-B but not drainage from 
the Elk Hills structure Itself; 

(2) the North Coles Levee field on the eastern edge, which 
has a finger of oil productive Stevens Sand lensing 
out in the Reserve and from which the Eesorve pro- 
duces some oil to prevent drainage; 

(3) and tho Buena Vista Field (N.P.R. No. 2), vjhich 
appears to have the same aquifer as the Shallow Oil 
Zone on the Reserve and thereby to affect greatly 
the Shallow Zone reservoir. 

Structural Features of Elk Hills. 



The Shallow Oil Zone structure, as shown by Figures 2-2 
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Structure Map of the Shallow Oil Zone, N.P.R. No. 1, Showing the 
Intense Faulting Which Complicates the Anticlinal Structure. 
Contours on the Scalez Marker. 




Structure Map of the Stevens Zone, N.P.R. No. 1, Showing the Two 
Enechelon Folds of the Anticlinal Structure. 



and 2-4, consists of a broad foal tea anticline wita several closed 
highs and is reflected by the surface structure. The anticlinal 
structure on the surface is 17 miles long by 6 miles wide with 
hills rising 1200 feet above the valley floor. As shown by 
the contour map of Figure 2-2, most of the faults are normal 
except for apparent high-angle reverse faultD along the south 
flank. Only a few of the faults have proven to be competent 
fluid barriers. 

The Stevens Zone structure, as indicated by the contour 
map of Figure 2-3 and the cross-section of Figure 2-4, con- 
sists of two enechelon folds with numerous thrust-faults . 

The accumula tion of oil in the Shallow Oil Zone is con- 
trolled primarily by the anticlinal structure and secondarily 
by faulting and stratigraphic pinch-outs. 

The Dry Gas Zone lies above the Shallow Oil Zone. 

The Carneros Zone underlies the Stevens Zone. The exact 
nature of the Carneros structure is not well known. However, 
it does have very steep beds dipping to the north and south 
as shown on Figure 2-4 and may be an anticline or a hortiocline 
open to the wost with competent faults or stratigraphic barriers 
serving to trap the oil. 

As the depth increases, the general structural trend of 
Elk Hills is up-dip toward trie west. Any additional accumula- 
tion traps in the western end of the field, therefore, would 
depend on local dip reversals, faulting, pinch-outs or other 
permeability barriers. There arc favorable possibilities for 
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future production from addJ tlrnal deep zones such as the 

Phocoides Reed Sandstone at about 11,000 feet and the Point 
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of Rocks Sandstone at about 13,000 foet. As of May 1954 

four deep exploratory wells had been drilled in the field to 
test for deep product! n. The deepest depth penetrated was 
about 12,900 feet. Two of these deep wells in the western 
portion of the field found commercial oil production in the 
Carneros Sand at about 10,000 feet and were completed there. 

As regards the other two deep tests, It Is believed that they 
failed to find deep production and were plugged back and com- 
pleted in the Stevens Zone, 

A composite electric log alongside the stratigraphic 
column of Figure 2-5 indicatos the various oil productive 
horizons in the stratigraphic column of Elk Hills. 

The Dry Gas Zone comprises the several dry gas productive 
sand measures lying in the upper portion of the San Joaquin 
clay formation about 1200 to 2200 feet below the surface. 

Four of these sands, termed the Mya dry gas sands, have a net 
productive sand thickness of about 50 feet. 

The Shallow Oil Zone sands are of Pliocene Age, varying 
in depth from 2000 to 3600 foct below tho surface. For mapping 
structure, contours are normally based on the Lower Scalez 
fossil marker, Scalez Petrolia, which occurs throughout most 



of the field 
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In the Shallow Oil Zone then are at least ten difierent 

oil sands, sabdi visions being causeo by the interbedding of 

11^ 136 30 

shai» s and sands. These sands are tabalatea below: * * ~ 

Water Average 

Net Productive Porosity % of Permea- 

Sand Thickness £ of Pore Pore billty 

Sand Feet Volume Space Md« 


E Laminated 
(FL) 


mm 


- 




- 


Above Scalez 
(AS) 


10 


38.2 


- 


2000 


Sub-Scale z 1 
(SS-1) 


46 


34.0 


30 


2100 


Sub-Scale z 2 
(SS-2) 


18 


34.6 


32.0 


1600 


Mulinia (M) 


23 


35.4 


40.1 


2400 


Sub-Mulinia 

(SM) 


8 


33.4 


43.0 


700 


Sub-Sc ale 2 2 
and K 

(SS-2-M) 


20 


34.4 


27.2 


1700 


Bittium (B) 

Above Bittium (AB) 
Bittium (B) 

Wilhelm (W) 


3 


36.4 




750 


High Produc. (IIFW) 


7 


32.1 


- 


200 


Low Produc, (LPW) 


16 


31.7 


- 


75 



The abbreviations in parentheses after* each sand above will 
be used throughout this report in discussing the Shallow Oil 
Zone. The first four sands above are found in the basal portion 
of the San Joaquin clay formation. The other sands occur in 
the upper part of the Etchegoin formation. 

The most prolific oil sands are the SS-1, SS-2, and sands. 
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from which approximately 95 percent of tho oil produced to date 

has come and from which 90 percent of the future production 
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could be expected. 

The Stevens Zone consists of seven different horizons 
in the Upper Miocene, Those oil productive zones are listed 
below 

Zone Remarks 



N Productive at a few axial locations and 

in certaJn sand areas. 

A Fractured silicious shale and some low 

permeability sands J productive ever most 
of eastern and western structure. 

B* Includes most of the permeable Stevens 

Sand at eastern end of Elk Hills and a 
fractured shale on the western structure; 

*raost productive of all the zones. 

C Massive shale; serves as a fractured rock 

type reservoir in only a few locations. 

D Highly fractured silicious shales; some 

low permeability sand lenses; productive 
on both structures at crestal position. 

DD Low permeable sands and shales; marginally 

productive on crest of eastern structure. 

PG- Sands and shales belov^ DD zone; marginally 

productive on crest of eastern structure. 

The above stratigraphic series of shales with sand streaks 
and fractured shales varies in thickness from 80 to 800 feet.^^ 
For correlation and mapping of the Stevens Zone the fauna, 

Pec ten Pechami, and the "H" point electric log marker generally 
are used. The porosity, permeability and water content of the 
%'arious sands and shales in the Stevens Zone- varies cons iderably; 
therefore, it is extremely difficv.lt to assign average values 
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for these quantities as was done for the Shallow Oil 7one. 

The Carneros Zone of Lower Miocene Ago has been penetrated 
by four wells, two on the eastern structure and two on the 
western. The two or three oil productive sand members com- 
posing this Zone have an equivalent total sand thickness of 
about 200 feet. As of May 1954, two commercially productive 
wells had been completed in the Carneros Zone. 
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Since this report is primarily concornod with N.P.R, 

No. 1, no attempt will be made here to give a description of 
the geology of the other reserves. However, an excellent 
idea of the structure and the stratigraphy of the oil produc- 
tive horizon of N.P.R. No, 2 (Buena 'ista) may be obtained by 
a study of T1 igurcs 2-1, 2-6, 2-7, and 2-9 of thin chapter. 

Likewise, for N.P.R. No. 3 (Teapot Dor-’e), Figures 2-9 
and 2-10 will provide the reader witn the essential, geologic 
features of thi3 field and of its productive horizons. 

As regards Il.P.R, No. 4 (Alaska) an enlarged geographic 
map of the reserved area proper indicated on Figure 1-2 is 
presented in Figure 2-11 of this chapter. This latter figure 
also shows somewhat the extent and relative success of the 
exploratory drilling as of August 1952. 
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NAMES OF PRODUCING OIL- GAS ZONES SANDS 

or WEST side: fields of southern SAN JOAQUIN valley 

IWCL-UOIISKI MIKITTRICK. MIDWAY-SUNSET ELK HILLS 4. BUCNA VISTA MIL.US 
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figure e 
STRUCTURAL PROFILE 
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HORIZONTAL SCAlZ 
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(From Art, by R. E. Sparks. N a vy CEC Bull.,. Sept. 1952) 
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SECOND V*A_L CREEK SAND 

— LIMIT5 OF RESERVE 
(9321 ACRES) 

FT\1 WATER PRODUCTIVE 
(5321 ACRES) 
m OIL t WATER PRODUCTIVE AREA 
(2300 ACRES) 

Hi CLEAN OIL PRODUCTIVE AREA 

(700 ACRES) [ 

□□GAS CAP (1000 ACRES) 

ESTIMATED RESERVE 8000,000 BBlS 
EST POTENTIAL DAILY PROD. 2 000 
NUMBER ORICINAL WELLS SHUT IN 
SINCE DEC. 1927 65 OIL 12 CAS. 



NAVAL PETROLEUM RESERVE "j 

TEAPOT DOME. 

NATRONA COUNTY, WYO. 
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FIG. 2-11. Geographic Map of N.P.R. No. 4, Alaska, Showing the Boundaries of the 
Reserve and the Extent of the Exploration Drilling As of August 1952. 
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The development and production history of Naval Petroleum 
Reserve No. 1, may be divided into three major periods which 
are Hated and discussed below. 

1 ; 10 to 20 November 1942 Discovery and co petitive 

development and production of Elk Hills prior to 
unitization. 

(b) 20 November 1942 to September 1945 Unitization 

and the fcorld fcar IX emergency development and 
production of Shallow Oil Zone. 

(c) Alter September 1945 Post-tar period of intensive 

exploration and development of all zones; and the 
State of Readiness Program for the Shallow Oil zone. 

1910 to 20 Nove „-w?er 1942 . 

between 1910 and 1919 some 35 unsuccessful prospect 
wells wore drilled by private Interests in search of oil in 
the Elk Hills area. Of these wells 33 were too shallow and 
3 found oil in non-c owner c la 1 quantities, probably as a result 
of poor completion methods. 
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In January 1919 Standard brought in the first commercially 
successful well. Hay No, 1 in Section 36-S. It was completed 
In what is now called the Shallow Oil Zone. During the next 
year, 47 other wells were completed In this area, none of 
which were particularly good oil producers. 

In February 1920, when Standard brought in Tupman Ho. 1 
(Section 36-S) at an initial production rate of 5200 barrels 
per day, the rapid development of Elk Hills commenced in 
earnest. Over 200 additional Tjells were drilled by Standard 
and other operators in tho Old Area within the next few years. 
The area and the extent of this development may be seen on 
Figures 5-1 and 5-2, 

It soon became obvious to the Government that the Reserve 
would suffer serious loss of oil by drainage to wells produc- 
ing on private lands within and adjacent to the Reserve, 
Congress then gave Navy its first authority to issue strip- 
leases to private companies for the purpose of drilling off- 
set wells to prevent drainage. Some of these strip leases 
are shown on Figure 5-2. Navy 1 a protective drilling program 
was somewhat belated and not too successful, as illustrated 
by Figures 5-4 and 5-5. 

By 1921 yearly production, mainly from what is now 
called the central or Tupman part of the Old Area, reached 
a peak of 18 million barrels or 16 percent of the entire pro- 
duction of California in that year. Overproduction in Calif- 
ornia then forced a big cut-back in Elk Hills production during 
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subsequent years. 
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Aftor the Govern ont oil reserve scandals of 1922 and 
repudiation of the wholesale loaoing which had occurred, 
the Government stiffened in its policy of conserving the oil 
in the Reserve. As a result of this policy and the liberal 
attitude of the holders of patented land within the Reserve, 
development prior to unitization v/as confinod largely to the 
Hay-Carman and Tupman areas shown on Figure 5-1. Nevertheless, 
by the end of 1928 more than 400 wells had beon drillod in 
Elk Hills. 

In 1932 nearly all of the high gas-oil ratio wells in 
the Hay-Carman area were forced to remain shut-in as a 
rosult of litigation. 

In 1941 Standard drilled some deep exploratory wells 
and discovered the Stevens Zone, This zone, however, was 
not actively developed and produced until after 1946, 

Production prior to unitization amounted to about 29 
percent of the total estimated recoverable oil from the 
Shallow Oil Zone, based on the 1949 estimate. 

The effects of the development and production practices 
during this competitive period in the field *s life are dis- 
cussed in Chapter V. 

20 November 1942 to September 1945 . 

Although the Unit Contract and Operating Agreement wero 
not executed until 19 June 1944, the field was effectively 
unitized by previous agreements on 20 November 1942. This 
unitization has been referrod to as a "shotgun marriage” 
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which turned out vor^ well,' At least it cane at an oppor- 
tune time considering the crucial state of the notion during 
World War II and the critical oil shortage rapidly developing 
on the West Coast at that tide. 

Orders from Congress and the President to take the lid 
off II.P.R. io. 1 came in June 1944. A detachment of Navy 
Seabeos occupied the field almost overnight to build roads 
and level drillsites. The goal was to increase production 
as rapidly as possible from 15,000 barrels per day to 65,000 
barrels per day. To accomplish this goal, all drilling effort 
was devoted to developing the Shallow Oil Zone in lieu of the 
deeper Stevens Zone. About 15 drilling rigs were in conti- 
nuous operation with the goal of putting a r.ev< v;ell into the 

105 

tanks every 24 hours. By July 1945, after a development 

period of 13 months, the goal of 65,000 barrels per day of 
sustained production had been reached. ^5 A maximum pro- 
duction of 71,000 barrels per day was possible. 

The principal areas of war-time development are indi- 
cated on Figure 5-1. The effects of the high war-time pro- 
duction rates on the Shallow Oil Zone are discussed in 
§ 

Chapter V. 

With. the cessation of hostilities, the Secretary of the 
Naxfy in August 1945 ordered a cut-back in production from 
65,000 to 15,000 barrels per day. Later the production 
rats was decreased still further, and the emergency production 
period came to an ond. 
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The total production from Elk Hills during the four years 
of World T/ar II, about 31 million barrels of oil, was equiva- 
lent to only 15 percent of the total production from the 
Shallow Oil Zone to 1954. Thus only a relatively snail per- 
centage of oil produced from the Reserve has been used for the 
purpose Congress intended. 

After September 1945, the Post-War Period . 

This period to 1954 has consisted of the following prin- 
cipal development and production programs 

(1) Intensive exploration and development of the Shallow 
Oil Zone and the Stevens Zone for Readiness purposes. 
The Stevens Zone development was completed in 1954. 

(2) Additional off-set drilling and production along 
the boundaries of tho Reserve— -Sec tion 14-B for 
shallow sands and Section 25S for Stevens Zone. 

(3) Exploratory drilling by the Xavy of Carneros Zone 
wells . 

(4) State of Readiness Program for Shallow Oil Zone- 
described in Chapter V. The principal purposes 
of this Program are to maintain the Shallow Oil 

I 

Zone in a full state of readiness to produce the 
maximum amount of oil upon short notice, and to 
create reservoir conditions calculated to insure 
maximum ultimate recovery of oil.^' 

(5) Reduced production of oil to an extent necessary 
to carry out necessary testing and the projects 
under the State of Readiness Program, 
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(6) Construction of a 5.5 million dollar natural gas 
processing plant with 50 million cubic feet capa- 
city; reconditioning of the existing 30 gas plant. 

(7) Recent drilling in various areas to protect Reserve 
from drainage or loss of recoverable oil. 

(8) Conservation of unused processed gas by injection 
into the Dry Gas Zone. 

During the first eight years of the post-war period, 
production from the Shallow Oil Zone to 1 January 1954 had 
amounted to about 11.5 percent of the total cumulative pro- 
duction, or almost as much os the emergency production of 
World War II, Cumulative production from the Stevens Zone 
has amounted to only about one percent of its estimated 
recoverable reserves. 
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general I be s of Interest . 

During the Post-ftar Period the Unit has contracted 
all development work with several independent drilling com- 
panies. Rotary drilling equipment on light portable rigs 
is employed. 

Under Unit Operations extensive coring, logging, and 
testing have been an integral part of the development and 
remedial programs. For the first wells drilled in any general 
area, all possible productive horizons are cored in a reduced 
hole. Drill-stem tests are made of each zone separately if 
evidence from cores, mud log, and electric log so warrant. 

This policy may mean coring 4000 feet of Pliocene Age forma- 
tions lying above the Reef Ridge Shale at a depth of 1000 to 
5000 feet from the surface. Also, drill-stem tests may be 
made of as many as nine different productive intervals. 

The above procedure applies only to a few wells. Most 
are drilled without such extensive coring, logging, and 
testing. 

Drilling costs and cost sharing are discussed in Chapter 

VIII. 

Shallow Oil Zone . 

There have been several principal periods in the develop- 
ment of the Shallow Zone. They are listed below: 

(1) 1919 to 1928 Over 400 wells were drilled by pri- 

vate operators and by lessee’s of the Navy. 
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(2) 1942 to 1945 — - Approxl-.R - ly 323 wells were drilled 
during the war-time emergency period. 

(3) 1945 to 1947 — - An exploratory development program 
along mostly the south flank vms continued after 
World War II. 

(4) 1951 Readiness Development Program is still in 

progress . 

(5) 1953 - — Protective well drilling as part of the 
revised State of Readiness Program was commenced 

to prevent drainage and loss of otherwise recoverable 
oil. 

These wells average about 3000 feet in depth and require 
7 to 14 days to drill. 

In the heavily drilled Old Area the wells are generally 
on an 8-acre spacing. Development practice under Unit Opera- 
tions has been a 20-or-40-acre well spacing for each major 
productive sand with the well-bore open to only one major 
sand body. 

Stevens Zone . 

Development periods in the life of the Stevens Zone 
are as follows: 

(1) 1941 to 20 November 1942 On a deep exploratory 

test. Standard discovered the Stevens Zone in 1941. 
By 20 November 1942, the date of unitization, three 
producing wells had been completed by Standard in 



this zone. Except for one or two more wells, she 
Stevens Zone was not developed during the emergency 
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war-time development and production period of the 
Shallow Oil Zone . 

(2) 1946 to 1947 A participating percentage (joint) 

exploration of the btovens Zone v.as conducted. 

(3) 1 July 1^48 to 1 April 1954 An intensive Readiness 

Development Program for liavy conpletea. 

These veils average about 65D0 to 7000 feet in aepth 
and require approximately 47 day3 to drill. 

The development program was carried out on a 40-and- 
80-acre well pattern. 

Carneros Zon6 . 

In 1951, Bavy commenced a deep test exploratory program 
in the western portion of the field. Exploratory well X55-30R , 
completed 10 January 1952, resulted in the discovery of the 
Carneros Zone. The well was oottomod at 12,856 feet, plugged 
back to 9,385 feet and completed in an oil production finger 
of the Carneros Sand, Two successful wells had been completed 
in this zone as of May 1954. On test the wells flow at a rate 
of about 150 to 2C0 barrels per day of very high gravity crude, 
54° API, and very high gas-oil ratio, 10 I cf per barrel. 

Dry Gas Zone .- 

As of 1 January 1954, there wore six productive wells 
in the Dry Gas Zone. There are 33 locations to be drilled 
on a 160-acre pattern. As far as is known, however, this 
development program has not been co.-inenced nor is contemplated 
in the near future. 
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Section 14 -B ( n uor Vls fc n Fron* ricldS 125 

As of 1 January 1954, the Unit had drilled 16 off-set 
wells which arc on continuous production at a total dally 
rate of about 545 barrels per day. Tills Section Is discussed 
more fully In Chapter V. 
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PROD! 


CTION NOTES 




Production S 


tatus of Wells, 


All Zones, As Of 


1 January 1954 


Zono 


Total No. 
Of Wells 


No. Suspended 
Or Standing 


No. 

Producible 


Shallow 


771 


50 


721 


Stevens 


220 


1 


219 


Carneros* 


1 


0 


1 


Dry Gas 


6 


0 


6 


Sect. 14-B 


16 


0 


16 


Totals : 


1014 


51 


963 



*By May 1954 there were two producible Carneros Zone wells* 

Rate of Production * 

The Secretary of the Navy is required by Congress to keep 
production in normal tines at a minimum consistent with good oil- 
field practice for routine testing and protection of the reser- 
voir. Under existing law, the Secretary must find that increased 
production is essential for national defense and obtain per- 
mission from Congress in the form of a joint resolution 
before production from the Reserve can be expanded. The 
Navy must then dispose of its share of the petroleum pro- 
duced by public sale. Also, contracts are held up while 
Navy confers with armed services committees of Congress. 

To prevent these delays in putting N.P.R. No. 1 on 
full production in event of a national emergency, correc- 
tive legislation was introduced in Congress in January 1954 
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on the recommendation of the National Security Council, The 
proposed bill would give the Secretary of the Navy authority, 
subject to tho approval of the President, to initiate production 
from the petroleum reserves during a national emergency or 
state of war declared by the Congress, and also, to negotiate 
sales of the produots so produced. Reports would be required 
to the armed services committees of Congress concerning details 
and reasons for any expanded production and disposition of same. 
The current status of this bill is not known. 



Summary of Production, All Zones, From 20 November 1942 
(Unitization) To 30 June 1953 
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Crude Oil Gas 
(Barrels ) ( CF) 



Natural 
Gasoline 
(Gallons ) 



Deliveries to: 



Navy 

Standard 

Total Deliveries 

Inventory of 30 June 
1953 



21,881,902 


16,651,530 


3,701,933 


29,690,885 


8,939,825 


6,332,707 


51,572,787 


25,591,355 


10,034,640 


156,052 




19,265 


51,728,839 


25,591,355 


10,053,905 



Total Production 
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Comparison of Current and Ultimate Allocation of Produc tlon-*-^ 



Navy*s Participating 
Percentage Share of 
Total Production 

Actual Delivei'ies to 
Navy- 

Due to Navy Under 
Ultimate Allocation 
of Production 



Natural 

Crude Oil Gas Gasoline 

(Barrels ) (7CF) (Gallons ) 



35,056,680 19,026,053 6,907,202 

21,996,695 16,651,530 3,717,138 



13,059,993 2,374,523 3,190,064 



The indicated unbalarce in production receipts resulted 
from the extended "primary” period of the Unit Contract!^ 

As Amended-*-^® when Standard received most of the production 
from the Shallow Oil Zone, This extended "primary” period 
ended 2 August 1950, Production receipts from the Shallow 
Oil Zone are gradually being brought into balance with the 
participating percentages listed in Chapter IV, for Navy is 
receiving nearly eight-ninths of the Shallow Oil Zone produc- 
tion. 

Shallow Oil Zone 

The gravity of oil produced from the Shallow Oil Zone 
has varied from 17° to 44° API with an average gravity of 
about 25° API. 

From estimated production decline curves it has been 
estimated that the Shallow Oil Zone currently could be pro- 
duced at maximum production rates well above 100,000 barrels 
per day. However, such high rates could not be sustained for 
many months or even days as excessive sanding of wells would 
occur. Consequently, estimated sustained production rotes 
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are much lower. Those rates ai\ given in Chapter TV. 

Most production In the past has come from the SS-1, 

SS-2, and M sands, and these sands would be the source of 
most production in the future. 

The great majority of wells require pumping. Only rod- 
actuated plunger-displacement pumps are used. Some wells 
are flowing wells as a result of the increased reservoir 
pressure resulting from the gas injection program. 

Tho production history of the Shallow Oil Zone is given 
on the graphs of Figures 3-1 to 3-3. Figure 3-1 is a graph 
of monthly production rates since discovery of the field. 

During the post-war period, the rate of production from each 
of the various projects under the Stato of Readiness Program 
is given by the curves of Figure 3-2. Cumulative production 
curves to 1 January 1954 appear on Figure 3-3. 

S to yen s Zone . 

Tho average gravity of Stevens Zone Oil i3 about 36° API. 
Combined with its natural gas and natural gasoline content, 
Stovens crude has nearly twice the value of Shallow Zone 
crude combined with its gas and gasoline. 

State of depletion, estimated constant production rates, 
and estimates of reserves all may be found in Chapter IV. 

With the reservoir pressure averaging 2400 to 3300 psi, 
all wells are flowing wells with tho exception of a few mar- 
ginal producers which are pumped. 

Current production consists of (1) test production from 
new development wells and (2) minor off-set drainage production 
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FIG. 3-1. Oil, Water, Gas Monthly Production Curves, Shallow Oil Zone, Elk Hills, 

Since Discovery of the Field (Reproduced from Annual Report, NPR #1, 1953) 
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FIG. 3-2. Oil Production Curves, Shallow Oil Zone, S-tate of Readiness and Individual 
Programs (Reproduced from Annual Report, NPR #1, 1952) 
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PIG. 3-3. Oil, Water, and Gas Cumulative Production Curves, Shallow Oil Zone, Elk Hills 
(Reproduced from Annual Report, NPR #1, 1952) 
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in Section 25-S to prevent drainage of oil frorr a finger of 
Stevens Sand reaching i- to t.he Flk Kills field from tne 
adjacent Coles Levee field on the Last. 

Current and ultimate allocation of Stevens Zone produc- 
tion is in agreement with the latest revised participating 
percentages as given in Chapter IV. 

The production history is graphed in Figure 3-4. 

Carneros Zone . 

The gravity of Carneros Zone oil is about 54° API. 

As of 1 April 1S54, there were only two wells both 

flowing wells. 

Production to date has been only minor test production. 
All production has been allocated to Navy since the program 
is still 100 percent Navy’s. 

Dry Gas Zone . 

Until June 1952, when the gas injection program was 
halted, the Dry Gas Zone provided some gas for injection into 
the Shallow Oil Zone. 

Currently, for conservation reasons, all produced gas 
from other zones which is not burned or sold is injected into 
the Dry Gas Zone, 

Since the field was unitized in 1942 until 30 June 1953, 
approximately 16 million Mcf of gas ha3 been produced from 
this Zone. Current and ultimate allocations of production 
agree with the participating percentages for this Zone. 
Section 14-B. 



As of 1 January 1954, the Unit’s 16 wells on Section 14-B 
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were producing a total of o45 barrels per day from the I uena 
Vista Front field. The production history of this section is 
tabulated below: 



Yearly Production Cumulative Production 

Year (Barrels ) (Lari els) 



1945 


55,815 


55,815 


1946 


180,097 


235,912 


1947 


133,490 


369,402 


1948 


101,292 


470,694 


1949 


113,299 


583,993 


1950 


126,560 


710,553 


1951 


104,415 


814,968 


1952 


149,036 


964,004 


1953 


197,917 


1161,921 
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PIP LI 7° AJV RFFI ,LRIES 

Eight crude oil pipe lines with high aggregate capacity 

are directly or indirectly connected to tnc Reserve.^®'"’ Six 
of these lines can reach marlnej terminals. Mono of these 
lines are owned by Navy but by different oil companies, such 
as Standard, Union, Texas, and Norwalk, Ae of 1 April 1951, 

If PR in C estimated that the major companies could, indepen- 
dently of each other, 3 hip and refine about 46,000 barrels per 
day of Elk Hills oil in the event the field was put on full 
production. Also, IN PR in C pointed to indications that the 
whole industry, with mutual cooperation, could ship and refine 
100,000 barrels per day of Elk Hills oil, A more than ade- 
quate available refining capacity, 137,000 barrels per day, 
exists in the nearby refineries of the Los Angeles area.^^ 
Additional refinery capacity Is available in the Pan Francisco 
Bay region and Bakersfield, 

Yvith the subsequent development of both the Shallow 
and Stevens Zones and the discovery of the Carneros Zone, 
the estimated constant production rate for Llk Hill3 exceeds 
100,000 barrels per day. Consequently, in 1954, the Navy 
indicated that it plans to propose the construction of a 14 
inch pipe line 100 miles in length to Los Angeles to handle 
the increased productive capacity in case of an emergency. 
Costs of this project are discussed in Chapter VIII. 
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CHAPTER IV 
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AND 
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CfiAPlEE IV 
OIL RL'S 1 RVTS 
AND 

PRODUCTIVE CAPACI xY 
OP 

NAVAL PETROLEUM RESERVE NO, 1 



TOTAL OIL RESERVES 



Zone 




Estimated Recoverable 
Oil As Of 1 January 
1954 

(Barrels ) 


Latest Revised 
Participating 
Percentages^ 
Standard Navy 


Shallori 




337,568,562 




33.0848 


66.9152 


Stevens 




350,000,000 




20,6911 


79.3089 


Carnoros 




No Estimate 






100 




Total 


687,568,562 








Dry Gas Zone 


100,000,000 


M.c ,f . 


77.0492 


22.9508 


Basis 


for the 


above values is 


discussed 


in later 


sections 



of this chapter. 



STAVE OP DEPLETION 



Estimated 
Percent Depleted 

Zone As Of 1 Jan, 1954 

Shallow 39 

Stevens 1 



Carneros 



0 



Dry Gas 



43 
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1052 Annual Report 



ted exlnun production Capacity 
for riv«_Year« x 1^052-1£56 



Year 


Shallow 


Ste voris 


Total 


1952 


58,000 


72 ,000 


130,000 


1953 


55,000 


72,000 


127,000 


1954 


52,000 


72 ,000 


124 ,000 


1955 


51,000 


70,000 


121,000 


1956 


50,000 


66,400 


116,400 



Revised Estimates 
1955 Annual Report 





Estimated 
Ra to s for 
per Day 


l aximu® C one tent 
Five Year Period, 


Produc ir.j 

barrels 


Year 


Shallow 


Stevens 


Total 


1953 


74,000 


65,950 


139,950 


1954 

1955 


73.000 

72.000 


68,250 


141,250 






1956 


68,000 






1957 


64,000 
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SHALLOW ) It, /.5 F 



Beservos < ^ 0| ^° 

(Official estimate by Engineering Committee; Revision of 
1 December 1949) 



Proven Acreage (oil and gas production) .19,200 acres 

Barrels 

Estimated Ultimate Recovery 550,184,000 

Production to 20 Nov. 1942 160 ,658,000 

Est. Reserves as of 20 Nov. 1942....... 389,526,000 

Production from 11-20-42 to 1-1-54... 51,957,438 

Est. Reserves as of 1 Jan. 1954 337,568,562 



Discussion . 

The values quoted above were from the latest Engineering 
Committee estimate-^® based on a combination of the decline 
curve and the volumetric method. 

Old Area . 

For the Old Area (Tupman), see Figure 5-1, the Unit 
engineers established average production decline curves for 
each of six different fault blocks within the area from the 
production history of each of the wells in the Area. Since 
many wells in this Old Area are completed in several major 
sands, as shown on Figure 5-3, it was necessary for the decline 
curves to include production from all sands penetrated. These 
curves were then used to obtain the estimated recoverable oil 
for each well in the Old Area by entering the appropriate 
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curve with the last representative dally production for the 
well and determining recoverable oil to an economic limit of 
3 barrels per day. To this value was added the well‘s pro- 
duction back to the base date of 20 November 1942. Reserves 
from undeveloped areas scheduled for development were obtained 
similarly. A summation gave the estimated recoverable reserves 
from the Old Area . 

New Area . 

The remainder of the Shallow Oil Zone had been mostly 
developed during and after World War II. Since the production 
history of the wells in these areas was insufficient to esta- 
blish representative decline curves, the recoverable oil was 
computed by the volumetric method using recovery factors 
based largely on analogy with the Old Area and comparison 
with similar nearby fields. 
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Rosorves (Unofficial 1948 Navy Rati' auo) : 



Proven Acreage 8,300 acres 



Barrels 

Estimated Ultimate Recovery 307,718,000 

Production to 20 Nov. 1942 107,000 

Reserves as of 20 Nov. 1942 307,611,000 

Production from 11-20-42 to 1-1-54........ 3,705,265 

Reserves as of 1 January 1954 303,905,?35 v 



Discussion . 

As of- May 1954 no official estimate by the Engineering 
Committee had been made of the recoverable oil in the Stevens 
Zone; however, one is now in progress. Unofficial estimates 
have been made, such as one above by Navy field engineers in 
1948 and another by consulting petroleum engineers employed 
by Standard. ^'Discovery of the 26-R sand and other exten- 
sions of the Stevens Zone since 1948 have increased the 
recoverable reserves to about 350 million barrels. 

It may seem strange to some observers that no official 
estimate of recoverable reserves exists after a lapse of thir- 
teen years since discovery of the Zone. However, there are 
several good reasons. Although the field was discovered in 
1941, it was not until 1946 that an intensive exploratory 
program was commenced. The development program which followed 
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was not comploted until April 1954. La bo development is thus 
one reason. Any detailed official estimate prior to completion 
of the scheduled development program would have been an unneces- 
sary expense. 

Another reason is simply the difficulty involved in making 
an estimate of this Zone on which all parties will agree. 

Since the Zone has not been produced except for minor test 
and maintenance production, no decline curves and material 
balance data are available. Consequently, about the only 
method for estimating reserves is a calculation based on the 
volumetric method and comparison of this field with similar 
producing fields to obtain a recovery factor. No reliable 
secondary method is available to use as a checx on the volu- 
metric method. 

Moreover, any estimate cannot be considered entirely 
reliable or even relatively accurate, as the Stevens Zone 
contains a large volume of fractured shale with great varia- 
tions in porosity and permeability. Thus, most of the diffi- 
culty in making an estimate lies in deciding how to Interpret, 
or how reliable is, the data available. 

As far as this student knows, the volumetric method has 
been used for all estimates to date. Possible increases in 
recovery by secondary recovery methods were not considered 
in any estimate. 
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ca* v>r .o.-; 8 » 125 

By Kay 1954 only two wells had been completed in this 
deepest Zone. fhe wells have capacities of 150 to 200 barrels 
pel 1 day of very high gravity oil and high gas-oil ratio. No 
estimate of oil reserves has been attempted. 



DRY GAS ZONE 2 » 125 

No detailed estimates have been made of the recoverable 
gas iii the Dry Gas Zone which lies at a depth of 1500 to 
2000 feet. However, approximate estimates are as fcllof^s: 

Estimated Productive Area ......6,056 acres 

Rough Estimate of Gas Reserves: 

Est. Ultimate Recovery 175,000,000 M.c.f. 

Approx. Gas Production to 1954.... 75,000,000 M.c.f. 
Est. of Gas Reserves as of 1-1-54.100,000,000 K.c.f. 
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CHAPTER V 
REVIEW OF 

THE RESERVOIR ENGINEERING PROBLEMS 
IN NAVAL PETROLEUM RESERVE NO, 1 
(Elk Hills) 

INTRODUCTION 

The Elk Hills oil field (Naval Petroleum Reserve No. 1), 
potentially the largest oil field in California if it were to 
be opened to maximum production, is of particular interest 
from an oil reservoir engineering standpoint. Nearly every 
problem that can bo associated with a petroleum reservoir has 
been encountered in the development of this Reserve. This 
field provides the petroleum engineer with an unusual oppor- 
tunity to study the interaction and interrelation of many 
reservoir processes in one field. It provides an opportunity 
to study under actual field conditions some problems previous- 
ly attacked only from a theoretical basis. Its relatively 
shut-in condition also makes it more unusual than a producing 
field and provides some information on reservoir behavior not 
furnished by the latter. 

The problems have ranged chronologically from the age- 
old oil field problem of drilling off-set wells to restrict 
drainage of oil from one’s own property to the problem of 
probable loss of oil by migration into edgewater sands along 
a receding edgewater front -- an unusual condition. 
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Each particular problem or project was visually accom- 
panied by exhaustive engineering analysis and detailed reports. 
The new employee — Navy or Standard, officer or civilian — 
who becomes associated with the Elk Hills field in some capac- 
ity and who is interested in the oil reservoir engineering 
history of the Reserve, normally finds these reports too 
numerous and voluminous. 

The purpose of this section is an attempt to alleviate 
to some extent the above situation. Each engineering problem 
of major significance or special interest in the past and 
current history of the Reserve is presented in chronological 
order in as standard and concise form as possible, stressing 
the most important facts in each major problem or project. 

Where they are necessary for clarity and better under- 
standing of the problem, simplified maps and graphs accompany 
each discussion. For the reader requiring more detailed in- 
formation, a bibliography at the end of each discussion refers 
him to the detailed reports concerning the particular subject. 

This presentation is by no means the first summary of 
the engineering problems and projects at Elk Hills that has 
been made.* It is hoped, however, that this report will be 



*Early history and development through 1932 of Elk Hills 
field have been described in detail by Woodring, Roundly, 
and Farnsworth in reference 124; subsequent developments 
through 1947 by Eastman and Ruhlman in reference 109; and 
a report on the results of the postwar readiness and main- 
tenance projects from 1945 through 1952 by the Engineering 
Committee in reference 138. 
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of some value in its wide scope, its standardized 
tion of each problem, and the selected references 
with each discussion. 
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Part A 

SU MMARY OF THE OIL RESERVOIR PROBLEMS FROM THE 
DISCOVERY OF OIL IN ELK HILLS (JANUARY 1919 ) 
TO UNITIZATION OF THE RESERVE IN NOVEMBER 1942 



The development and production history of Elk Hills 
during the more than twenty years before unitization has been 
reviewed in Chapter III. From an oil reservoir engineering 
standpoint, this period is important for the manner In which 
the field was developed and produced. The competitive drill- 
ing and producing practices of this period resulted mainly in 
an overall detrimental effect to the Shallow Oil Zone, reduc- 
ing its productive capacity and decreasing its ultimate re- 
coverable reserve to an unnecessary degree. On the credit 
side, however, the competitive nature of the operations did 
servo to promote the initial discovery of oil in the field, 
to provide the government with high royalties from its strip- 
leases, and to establish Elk Hills as a major oil field and 
an important Reserve by 1921. 

It has often been said that the Elk Hills field has 

everything to interest and perplex the petroleum reservoir 
10Q 

engineer. It was equally true in this early period of the 
Reserve. The problems were typical of those always encoun- 
tered in the development of any single closed-structure oil 
pool in which there are divided interests and many different 
operators. Each operator is dedicated to the task of maximum 
economic (not necessarily efficient) recovery of oil in the 
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shortest time possible so as to recover his own oil and as 
much as possible of his neighbor's. This system has ruined 
most oil fields, and it nearly ruined the Shallow Oil Zone of 
Elk Hills. 

Some of the major problems encountered during the ini- 
tial development of this field, or which resulted from the 
early development and production practices, included the 
following : 

(1) Uncontrolled production methods with no attempt 
to maintain or restore reservoir pressure caused adverse 
effeots on the reservoir, such as the following: 

(a) Depletion of reservoir energy in the Old Area in 
the form of free gas and solution gas produced. Ho gas was 
returned to the SS-1 from 1919 to 1942, 

(b) Creation of pressure sinks and an unbalanced 
reservoir. 

(c) Creation of secondary gas caps. 

(d) Rapid decrease in productive capacity. 

(e) Abnormally high percentage recovery of oil from 
the Old Area at the probable expense of greatly reduced ulti- 
mate recovery from the Shallow Zone, 

(2) Multi-zone well completion methods -- a procedure 
detrimental to maintaining good control of reservoir condi- 
tions. Completion methods during this competitive period 
called for opening up all horizons to the well-bore, regard- 
less of gas, oil or water productivity. Only about 40 per 
cent of the nearly 700 producible wells in the Shallow Zone 
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are completed In one zone only -- a fact which has prevented 

good control of reservoir fluids in the different zones and 

which has contributed to the unbalanced condition in the 

Shallow Zone. A sketch of three early wells is shown in 
104 

Figure 5-3 to illustrate this early well-completion tech- 
nique, now mainly abandoned in favor of single -zone comple- 
tions. 

(3) Off-set drilling and production practices. It was 
necessary for the Government to issue strip leases for the 
drilling of off-set wells to restrict drainage from the Re- 
serve to neighboring developed lands outside of the Reserve. 
Some drainage occurred before the off-set wells were completed 
and some drainage probably continued after completion; also, 
the worst result wa3 the production of great amounts of oil 
from a structure primarily set aside by Congress as a reserve 
of oil to be held in the ground for future emergency use. 

(4) Production at excessively high gas/oil ratios 

occurred in the Hay -Carman, or central part, of the Old Area 

109 

indicated on Figure 5-1. The resulting rapid depletion of 
reservoir energy in the form of high-pressure gas from the 
original crostal gas cap of the SS-2 and other sands led to 
lawsuits which eventually shut in all of these wells in 
stages from 1925 to 1934. They remained shut in until 1944. 

The Old Area of Elk Hills is indicated on the base map 
of Figure 5-1. It was composed of the crestal, less important 
central area (Hay-Carman) and the highly productive eastern 
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area (Tupraan). These areas represent the development occur- 
ring prior to unitization in 1942. 

104 

From Figure 5-2 may be obtained some idea of the 

complexity of leases and large number of operators involvod 

in the initial development of the Shallow Zone of the Elk 

Hills field. The operators included those on Navy or other 

government leased land and those on fee owned or privately 

leased land. The necessity that existed for each operator 

to protect his lease by off-set drilling is readily apparent. 

The near disastrous results to the party who was late in 

drilling his off-sot wells — a role consistently played by 

120 

Navy — is shown by Figures 5-4 and 5-5. 

The following tabulated data given by Starke in his 
investigation of Navy's off-set drilling program well illus- 
trates the great loss of oil which the Government suffered 
before it could put into effect its strip-lease, off-sot 
drilling program. As Starke pointed out, "The initial pro- 
ductions of wells on either side of the south line of Section 

36 (30-24) are shown to be closely related to the dates of 

1°0 

completion as shown by the following data" : “ 
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SETTLED INITIAL PRODUCTIONS IN ORDER 
OF DATES OF COMPLETION 
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*A Navy lessee. 

Note: Wells in the two columns above are opposite 

one another along a section line between 
Standard’s property and the Reserve. 



Naturally, ultimate production in each case of later 
completion should be leas, and cumulative productions to date 
indicate that they will be. It should be stressed that most 
of the commercial development described above was on privately 
owned lands outside of the Reserve and on the off-set strip- 
leases issued by Navy. Most of the fee -owned land within the 
original boundaries of the Reserve, except for the Hay -Carman 
Area, was not developed by the private owners, thereby co- 
operating with the Navy’s policy of conserving the Reserve as 
a source of oil in a future emergency. However, the detri- 
mental effects of the competitive development and production 
practices occurring in the Tupman area eventually led the 
Government to the realization that the Reserve had to be ex- 
tended so as to cover the entire oil-producing structure and 
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that the field should be operated and developed as a unit. 

By an Act of Congress of 30 Juno 1930, all leases were termi- 
nated and action was taken to insure that the field was main- 
tained as a Reserve. Standard was the only remaining operator 
in the area. As a step toward securing more information for 
unitization, thi3 Company drilled thirteen exploratory wells 
in the area in 1941. Then followed the Presidential Decree of 
15 October 1942 which extended the boundaries of the Reserve 
to Include all sections of the Old Area and all the known pro- 
ductive areas of the field. The reader is referred to Chapter 
VI for a review of the considerations that led Navy and 
Standard to develop and operate all the land in the Reserve 
aa a unit, effective from November, 1942. 
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DISCUSSION OF SPECIFIC PROBLEMS MENTIONED ABOVE 

Initial Reservoir Conditions In the Shallow Oil Zone 
and Results of Production Practices Prior to Unitization * The 
oil in the SS-1 reservoir was probably saturated with dissolved 
gas at approximately the original reservoir pressure (about 
1150 psi). The primary motive force to remove the oil was 
solution gas drive. As production proceeded, more gas was 
produced and reservoir pressure dropped rapidly. Gas began 
to fill part of the void space in the reservoir and gas caps 
were created. When unitization of the field finally occurred, 
the overall average reservoir pressure in the SS-1 was very 
low except in areas of active edgewater encroachment j the 
reservoir was unbalanced; reservoir oil had shrunk and in- 
creased in viscosity upon loss of solution gas; and relative 
permeability to oil had been greatly reduced. None of the 
produced gas was returned to the SS-1 from 1919 to 1942. The 
principal driving force remaining was gravity drainage. 

The SS-2,M zones wore initially at a similar high 
reservoir pressure and with an overlying gas cap. Early pro- 
duction methods produced several billion cubic feet of gas 
from a probable crestal gas cap before any significant amount 
of oil was produced from these combined zones. To replenish 
the gas cap, dissolved gas came out of solution with the oil. 

No attempt was made during divided or unit operation prior to 
January 1946 toward pressure maintenance of the ga3 cap by gas 
injection. The reservoir pressure was greatly reduced, the 
reservoir was unbalanced, the reduced reservoir pressure had 
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allowed the gas cap to expand, and a secondary gas cap was 
created. 
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Part B 

SUMMARY OF MAJOR RESERVOIR ENGINEERING PROBLEMS 
FROM NOVEMBER 1942 THROUGH DECEMBER 1945 — THE 
WAR-TIME DEVELOPMENT AMD PRODUCTION PERIOD 



The effective unitization of the field in November 1942 
and its rapid development during 1944 and 1945, and the emer- 
gency production period during which production rose from 

15,000 barrels per day to a field capacity of 71,000 barrels 
109 

per day, have been traced in Chapters III and IV. 

From a practical standpoint, one engineering problom 
dominated all others during this period: the necessity to in- 
crease the field’s production as rapidly as possible to the 
authorized 65,000 barrels per day In order to relieve the 
shortage of oil on the West Coast and thus help prosecute the 
war. The short time (eight months) in which the 71,000 barrel 
per day capacity was reached Is a credit to the oil industry 
of California and to tho engineering staff at Elk Hills com- 
posed of employees of Standard Oil Co. and members of the 
Navy, Also, the program more clearly defined the limits of 
prod\ictivity of the Shallow Oil Zone. 

The heavy withdrawals of oil and ga3 from the Shallow 
Oil Zone and its intensive development during tho emergency 
period confirmed the presence of certain undesirable reservoir 
features and furnished evidence of new ones. Reservoir pres- 
sure had been materially reduced (250 pal drop during the 
emergency period) without an effective pressure maintenance 
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or restoration program until September 1945. The pressures in 
all productive sands of the Shallow Zone were unbalanced in 
all areas. Previously unknown secondary gas caps that were 
probably developed during the early days of competitive pro- 
duction were disclosed. Shallow Oil Zone development con- 
firmed that the eastern part of the Old Area (Tupman) was 
pressure depleted, that certain areas along the north and ea3t 
sides were subject to active edgewater encroachment, and that 
Sections 31-T and 6-M were almost completely flooded with 
water. More and more Shallow Zone wells along the north and 
oast flanks were being drowned out and having to bo abandoned. 

During the war some produced gas was reinjected into 
the reservoir mainly as a conservation measure since no market 
existed for the gas, rather than as & re pressuring attempt, 
the net volume injected being too small to counteract the rate 
of pressure decline. In September, 1945, the gas injection 
program was intensified. The entire gas injection program 
and results to 1952 are covered in a following section of 
this chapter. 

Three other items of engineering interest during the 
World War II period were (1) the gas processing problem created 
by the large emergency production, (2) the 14-B offset drill- 
ing and production program, and (3) the helium tracer studies. 
These items are discussed on the following pages. 
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(1) Gas Processing : Ths large gas production dxirlng 

the emergency period presented problems in the proper process- 
ing and disposal of the gas. For example, during the peak 
production of 31*200 MCF per day, the gas was disposed of as 
follows j*'*' 2 



Burned as 


fuel for field operations 


20.5%' 


Sold 




9.0$ 


Injected 


in the Reservoir 


46.4$ 


Vented to 


the Atmosphere 


24.1$ 



As was mentioned above, the initial underlying purpose 
of injecting the gas was the desire to reduce the percentage 
of gas vented to the atmosphere. Also high gas production 
overloaded the facilities of the small natural gasoline plant 
on the Reserve, requiring some gas to be reinjected without 
the processing necessary to recover its liquid hydrocarbons. 
Relatively low gasoline recoveries were obtained with an aver- 
age of only 0.75 GPM whereas wet gas analysis from wells repre- 
senting all individual zones indicated that the recovery could 
have been about 2.50 GPM (gallons recovered per thousand cubic 

feet of gas), if only the butanes and heavier hydrocarbons were 
IIP 

extracted. Principally, as a result of the discovery and 

later extensive development of the Stevens Zone with an ex- 
pected high rate of gas production from this zone and also 
from the Shallow Zone in a future emergency, and partially, as 
a result of the relatively low natural gasoline recovery ob- 
tained by the old plant during the 7»orld War II emergency — 
a modern, efficient, natural gasoline plant of 50,000 MCF' 
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capacity was built in 1952 and the old plant was modernized. 
The now plant (35R) is mostly in ”mothballa , M but it oan be 
completely activated in about three months time.^^ 
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( 2 ) Section 14-B Production Program 
Description : This program is an off set -drilling and 

production project in Section 14-B on the Southv/est corner of 
N.P.R. No. 1, as shown on Figure 5-6. The productive area is 
part of the Buena Vista Front Field, a separate and distinct 
field lying between Elk Hills to the North and Buena Vista to 
the south. 

The productive sands are the same Scale z Sands as for 
the Shallow Oil Zone ; but as 3hown by the geologic cross 
section of Figure 2-1 the field lies on the Buena Vista struc- 
ture, not the Elk Hills structure. 

This program is under Unit Operation, but it has no 
relation to any other program pertaining to the Reserve. 

Objectives : To offset producing woll3 to the south and 

west on privately-owned lands outside of the Reserve as shown 
on Figure 5-6. 

Pertinent Dates : 

October 1945 ; First Production. The program was 
commenced after oil along the Buena Vista Front was discovered 
by private interests on adjacent lands. Production is expected 
to continue until no longer profitable which is estimated to 
be in 1964 with a probable recovery of 1,700,000 barrels. 

Action Taken : Initially five offset wells were drilled 

and put in continuous production in 1945. Subsequently eight 
more wells were added to this production by January 1953. 

Well sites for at least three more wells have been selected 
by the Unit. It is not desirable to extend the Reserve to 
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include all of the Buena Vista Front structure because the 
production and reserves from the whole area are relatively 
minor and Navy»s share is relatively 3mall. Being down- 
structure, Navy is in a relatively good position to produce 
its full share of oil. 

Results t 

1. Continuous production from Section 14-B since 1945 
has given a cumulative recovery of 1,161,921 barrels by 1 
January 1954. 

2. Refer to Chapter III for yearly production values 
from 1945 through 1953. 
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(3) Helium Tracer Studies In Slk Hills Field 
Description t Upon request of the Navy Department for 
assistance in connection with a gas injection program during 
the emergency production from the field in 1945, the Bureau 
of Mines conducted helium tracer studios in a fault-block 
area of the Shallow Oil Zone a3 shown on Figure 5-7. Small 
percentages of helium were mixed with natural gas being pumped 
into Well 76-33-S, which was open to both the SS-1 and SS-2 
sands. Movement of the injected gas was then traced by taking 
samples of produced gas from surrounding wells in an ever- 
increasing circle and subjecting the samples to an apparatus 
capable of determining minute quantities of helium at helium 
content percentages as low as 0.0001 per cont. 

Objectives t 

1. To determine the direction and extent of migration 
of injected gas in the fault-block area of the Shallow Oil 
Zone 3hown on Figure 5-7. 

2. To determine the actual competency of faults previ- 
ously judged by other methods of field analysis to be fluid 
barriers. 

Inclusive Dates ; May 25, 1945 until August 1945. The 
program was discontinued as a result of V-J Day, when sharp 
curtailment of production prevented continuing the studies 
effectively. 

Procedure Employed : Helium was added to the injected 

gas in two distinct periods of 14 days and 30 days duration, 
separated by a period of no helium injection for 18 days. 



- 



I / fc 

. ‘-'A t ..1 t3 <Tr £.■■** ' ■<* 

r : v ,-f* - . ^s. -- l j rjt • 'J 

Snirtr’ T»---«Tq rtoXdo3f.nl esj js Xftflw noitfoennoo til ©onsdeleea 
■*' • t »• . i v CI til Jil vi'f rrt * i -•» r» i r ?•*&*?•«/ vof. " ■ c ' ' " O t>:!d 

v ^ r ’ >* J (il enl/fT^e lull®! te^-ir^rr r >«"!* lo 

*—3 9vr 11 oo i!»»Ode «,-■ 9CC & X to woXX.vft ©rid 
l^qr* o -(i/iij /?-u 1 j 8 g rfi.hr srew au f ll#.< 1 ' le; aineorteq 

•'it tr « £-. ; ■; add dctorf « 5 d • irr old* < 2 - 35 - 6 ? II*M o 3 nl 

j Id#? *d J iehJ a©- 1 mk • <»• bedo©!,*! ©dd lo dcf®awvcW .jie-’sb 
-*T» vr ;• r* jt U sw .rjtir 're vst* r.o*rl <• • ' v »o'' nq lo * ©X«?.*jbb 

•* irif - :» j* cd -©if ©.a* »'1‘. • nl3o©*.\ i fo^lo af^&ronJt 

cvlle •- a fcriXs lo * <- 1 ;• tVnrurp >3xal } --In l.-yierf eb lo *!:• fqao 
, 7ff»o rr »-‘: XCHC.O 8 j woX E3 L*>r<Xneo*t - doedneo 

.« r©v1X j o [/.iO 

1.** lo df» *••*© !«» tr- 1 * •? r»:> « .*• Or?©d/un O"' .X 
X10 HfoIXai y S -rid 1- »»u Me*: * r v - *£:* -1 : !-• r 1 r" bedo©£n± lo 

.**-3 ©Ttsrjl* rnrorfi eioS 

-Ivetq ed£. ©1 !>• ?o 6i»q**oo £*•■ "oa *rfd ©olTr-rod ©.. oT .S 
Jbli/Xl ©d cl el'il-'ca M©11 lo ai>.:Ue# *r©r.cfo ref bev^t 

.errol'intf 

©• IT .^£31 Xaif.ur . Ill I %9X y$H ••MllcL &vi w Lo'il 

qtarfe rr©di» « \ *<J T»- v So if a j b<©r ildooo«lb bjs" »\a*xso‘iq 
a©tb»»dt *ritf ^nlrnldfico ?v«trq acid ©rt»’*iq lo c.G9!«*X lad Giro 

. ;£evldo*He 

bedoef, •• i ••rid oJ • - .* . f. Ca*I « Jb ^ % c frnrj f < i^fc©oo»x- 

t n< i •o.o : ■ .«.£» 03 Xhio * »..<■' X 1c aftoiieq do^ldelb owd ni ea^ 
,*v»f) 6X tol acldce(,ul on 1© >:!■?©■? ^ -:d bedsaaieB 



V -23 



HELUIM TRACER STUDIES 
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FIG. 5-7 




Dotted Lines Above Show the Direction and Extent of Migration 
of Helium-Laden Injected Gas at the End of Each Period. 




PIG. . Typical Results Obtained in Helium Tracer Study, 
Showing the Advance of Helium-Laden Gas Past An Observation 
’.Veil. (Reprinted from BuMines Reoort of Investigations 3897) 
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Samples were collected and analyzed from nearby wells; and as 
the helium appeared in these wells, additional wells at a 
greater distance from the injection well were selected for 
sampling and analysis. 

Results: 

1. By plotting helium content in the gas of each well 
against elapsed time of helium injection into the reservoir, 
as shown on Figure 5-8, it was possible to obtain a plot show- 
ing movement of injected gas throughout a large area. This 
latter plot is superimposed on the map of Figure 5-7. 

2. Some faults — established by electric log corre- 
lations, drilling records, and bottom-holo pressure surveys 
and presumed to be competent fluid barriers — were shown to 
be incompetent, especially at probable areas of extensive 
fracturing where faults cross. An example of a fault leak 
is marked (x) on Figure 5-7. 

3. The information obtained enabled the field enginerrs 
to improve the gas injection pattern. 

Discussion : 

Not enough time elapsed between the two periods of 
helium injection to permit differentiation between the results 
obtained from the first run of gas and tho results from the 
second run of gas. An appreciably longer time interval would 
be necessary in any future studies. 

With the data obtained from this study. Bureau engineers 
are attempting to determine the characteristics of tho flow 
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of gases through underground reservoirs and into well bores. 
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Fart C 

SUMMARY OF RESERVOIR ENGINEERING PROBLEMS 
DURING THE POST-WAR PERIOD, 1945-1953 

In August 1945, following the end of World War II, the 
emergency development and production program at Elk Hills was 
halted except for an Exploratory Drilling Program on the Re- 
serve which was continued. Upon orders of the Secretary of 
the Navy, production was reduced from 65,000 barrels per day 
to 15,000 barrels per day and later reduced to even lower 
rates . 

The war-time necessity for rapid development and high 
production was succeeded by the problem of restoring the Re- 
serve to the best reservoir conditions possible, i*e., to a 
state that would permit a maximum rate of production in the 
event of another emergency with a minimum of production in the 
interim. If wo may consider the Reserve as a ship, it was to 
be placed in the best condition possible, decommissioned and 
placed in moth-balls, subjected to constant inspection and 
testing by a caretaker crew, and maintained In a state of ma- 
terial readiness such that upon notice it could be placed in 
full operation within a minimum of time. 

To accomplish the above general objective for the Re- 
serve, the Unit commenced a State of Readiness Program for 
the Shallow Oil Zone late in the year 1946. Insufficient 
reservoir Information was available upon which a rigid 
operating policy could be based, and it was necessary for 
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the Program to include experimental production projects to 
yield this information* This program for the Shallow Oil Zone 
only — formulated by the Operating Committee and concurred in 
by the Engineering Committee -- consisted of eight inter- 
related projects: 

1. Oaa Injection 

2* Major Water Encroachment Study 

3. Minor Water Encroachment Study 

4. Dewatering and Gravitational Drainage Study 

5. Rotating Production Tests 

6. Protective Production of Wet Wells 

7. Remedial Program (started September 8, 1946) 

8* Protection of Surface Equipment 

The project areas for the first four projects listed 

138 

above are shown on Figure 5-9. These four projects, the 
most important and most interesting from a reservoir engineer- 
ing viewpoint, are treated in 3 ome detail in succeeding sec- 
tions of this chapter. The other four are described but are 
not discussed in any detail. An excellent graphical summary 
of the principal events and important dates relative to each 
project under this Program was presented in the Engineering 
Committee’s Review of the Program and is reproduced here as 
Figure 5-10. 133 

The Operating Committee served as the supervisory body 
for the Program. The Engineering Committee served as the ad- 
visory group, reviewing all phases of the Program at least 
once each quarter, and recommending changes in the Program 
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as deemed necessary by the Unit and concurred in by the 
Committee. 

The Stevens Zone was never included in the State of 
Readiness Program described above for the Shallow Zone. There 
was no need; for the Stevens was still essentially a virgin 
reservoir, virtually unaffected by the small production from 
its few wells drilled prior to unitization and not subjected 
to any of the ills besetting the Shallow Oil Zone. The post- 
war program for the Stevens Zone consisted mainly of an ex- 
ploratory program followed by a development program, the 
initial production testing of each now well for 30 days after 
completion and the maintenance of its wells for full production 
in an emergency. 

Running concurrently with the State of Reaalne33 Program 
for the Shallow Zone were the Exploratory and Readiness De- 
velopment Programs, affecting both the Shallow and Stevens 
Zones and, upon discovery, the deep Carneros Zone. 

In summary, the main producing zones and the different 
programs applicable to each during this post-war period, 1945 
through 1952, are tabulated below t 

Shallow Oil Zone (A Unit Operation) 

1. State of Readiness Program — Sept. 1945 to 1953. 

a. Gas Injection 

b. Water Encroachment 

c. Etc. See Figure 5-10. 

2. Exploratory Development Program — 5 July 1945 to 

October 1947. (Mostly South Flank) 
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3. Readiness Development Program — 1951 to 1954. 

4. Equipment Maintenance Program. 

Stevens Zone (A Unit Operation) 

1. Rotating Production Tests 

2. Exploratory Program (Unit) -- 1946 to 1947. 

3. Readiness Development Program (Navy) — 1948 to 

April 1954. 

4 . Equipment Maintenance Program 

Carneros Zone (Navy Only) 

1. Deep Test Exploratory Drilling. Two (2) wells 

completed in Carneros by 1954. 

2. Equipment Maintenance Program 

Section 14-B -- Buena Vista Front (A Unit 
Operation ) 

1. Of f set -Drilling Development Program 

2. Protective Production Program 

3. Equipment Maintenance Program 

The individual projects or studies under the State of 



Readiness Program for the Shallow Oil Zone from 1945 to 1953 
are discussed separately on the following pages. 



u- 



. *.«»• ■ ; -- r r ? » . «,f wm. : a. - " 1 a • ■ . •••< * I 

. .r.'vv. *ri » •' .* i . ■* . .. i ■- 

(o *.* "1 " ( jin • .\) >f - v, > 'c 7 

ai**'- rnil.i o>! ,X 

.Vt- : t oi M — (?£’ ) at •• • : *.*•- ► <» ioXq»- ... 

o " — ( v«*) jO^i • *1*3 jn* r»»^o' a « •»- iJbJfc «5I ♦£ 

,£561 I 1 *jc.'A 

ci^*r^oi aon*K© iii«aginp5 „£ 

( • I fiO v; v»t' ) ;t-oS potent * 0 

ail-v S ) cwi .v-XXXXt* ;.;to ’ •'icXqxI ieeT qee*. .X 

,."C t'-* *o ; > .r-*. ° ri t •.•;*£ i^oo 

■ Gstr.-».ja;a# JcMi:Xro& .S 

^ 'r'l A) *£0^ _ « 1 - - - »i , jj £ 

f 

- r» ** .1 '« Hiller- } .1 

■WT- ••" 1 i i'#f' r r o-^ eviv/ 3 <*-» 0 *T " .§ 

* ©£• vriernriaV ina* t* Iup~ „£ 

lr «.1aiS e * tr».W •s."’ CTP -T* !» •.£u%*7 it^tolv'jtr-cl *.!T 

61 °X c- 5 £il **"•£ -IJ woXiVt'i •< i *•! •>-niLBeH 

. * "X •« - : x xMjr->.»v e« f>ea* 0*!i) «*TU 






V-32 



Gas Injection Project 

Description i 

This project consisted of the reinjection of produced 
gas from the Shallow Oil Zone and/or the Mya Dry Gas Zone into 
primary crest al and secondary gas caps of particular members 
of different productive sands comprising the Shallow Oil Zone. 

During the emergency period of World War II, practical- 
ly all of the gas injected wa3 into the SS-1 sandj after the 
war, into the SS-2 and M sands. 

Figure 5-11 shows the area of the primary gas cap and 

113 

the various injection wells. 

Objectives t 

Primary Objective 

1. To restore and maintain the pressure within certain 
areas and sands {mainly the SS-2 and M sands) to at least the 
pressures existing prior to the heavy World War II emergency 
withdrawals in order to 

&. Increase the oil productive capacity of this 
Zone In event of another emergency. 

b. Increase the ultimate oil recovery. 

c. Stop water encroachment on the north flank and 
east nose of the SS-2 and M sands. 

d. Stop edgewater encroachment In the SS-2 and M 
sands of the south flank in Sections 1-B, 4-G, 
5-0, 6-G. 

The prewar crestal gas-cap pressures wer8 about 800 



to 850 psi 
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Figure 5HI.Map showing effect of gas injection on areal extent of gas cap. Shallow zone, Elk Hills field, Kern County, Calif. 

Kb of January 1949. (Reprinted from BuMines R.I. 4886 ; Modified May 1954 by 
W.M.A) 
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Secondary Objectives 

1. To conserve the gas produced under tho State of 
Readiness Program, 

2. To reduce future production costs. 

Pertinent Dates : 

1. January to October, 1945 t initial period of gas in- 
jection to decrease the reservoir pressure decline and to 
conserve exce33 casinghead gas. 

2. October 1945 to June 1952 : period of intensified gas 
injection into the crestal SS-2, M gas caps under the State of 
Readiness Program; however, this pressure-restoration program 
was not effectively commenced until 28 January 1946, 

3. September 1950 to June 1951 t period of gas injection 
in Well 88-28S into a secondary gas cap within a fault block 
on the North flank. The injection well is indicated on Figure 
5-11; the secondary ga3 cap is not shown, 

4. October 1950 to February 1952 ; period of gas injection 
in well 77-2 G into a secondary gas cap of the SS-2 sand near 
the Southeast end of the south flank, 

5. June 1952 : All gas injection terminated by the Engi- 
neering Committee. ° 

Action Taken : 

The three major divisions of the gas injection program in 
Elk Hills were the crestal gas cap injection and the two flank 
or secondary gas cap injections. These are discussed below. 

Crestal Gas-Cap Injection 

1, Over 1,700 M c.f. of produced gas, mostly excess 
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casinghead gas produced with the oil from the Shallow Oil Zone, 
was injected from March to September 1945 into nine crestal 
gas -cap wells to conserve gas and reduce the rate of reservoir 
pressure decline. Injection wells during this initial period 
were 



SS-1 Sand 


76-26 

3K-30 

17-34S 

15XB-34S 


SS-1 and SS-2 Sands 


85-33S 

36-34S 


SS-2-M Sand 


68-31S 

37-32S 



2. In January 1946 under the State of Readiness Program 
an intensified crestal gas injection project was commenced. 

At rates varying from less than 1,000 M c.f. to over 10,000 M 
c.f. of gas a day, as shown on Figure 5-12, gas was injected 
into the crestal gas -cap area of the SS-2,M Sand until June 
1952, when all gas injection was abandoned. Injected gas was 
composed mostly of dry gas from the Mya sands supplemented by 
some gas produced with the oil from the Shallow Oil Zone. In- 
jection wells used at various times were: 

SS-1 Sand 15XB-34S (discontinued 

after a few months) 

SS-2 M Sands 68-31S 

34-32S 

3V-32S 

32-56 

84-31S 

Total gas injected into the Shallow Oil Zone from 
January 1945 to August 1951 was about 14,578.5 Moat 

of the gas was injected directly into the SS-2 and M sands. 
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but migration of the gas definitely occurred between sands. 

Gas Injection on the North Flank 

For nine months, commencing in September 1950, gas wa3 
injected near the top of the fault block surrounding Well 
83-28S, one of the wells used for injection, in an attempt to 
increase the pressure in the gas and oil bands to an amount 
equal to the pressure of the encroaching edgewater. The area 
and Well 88 are shown on Figure 5-11. 

Gas Injection on the South Flank 

For seventeen months, commencing in October 1950, gas 
was injected into a fault-isolated body of the SS-2 sand through 
Well 77-2G on the Southeast flank of the field. The purpose 
was to raise the pressure in the gas and oil belts and retard 
the rapid and damaging movement of water upstrueture. 

The effects of these programs are discussed below under 
Results . 

Alternate Actions Proposed : 

1* Increased Gaa Injection 

During the period of gas injection the question often 
arose as to whether the rate and volume of gas injected should 
be greatly increased If the program wsre to be successful at 
all in retarding edgewater advancement and raising field's 
productive capacity. In August 1951, in answer to a request 
from the DNPR, Navy's member of the Operating Committee issued 
a report discussing the feasibility of increased gas injection 
to level off pressure gradients and permit reduction of large 
peacetime production from wet wells. Theoretically, increased 
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gas Injection should raise the reservoir pressure to equal the 
edgewater pressure, and productive capacity of tho field should 
he Increased. 

Basing his predictions on the results of the gas in- 
jection project up to August 1951, NMOC reached the following 

, , 108 
conclusions : 

a. Large scale gas injection was not desirable. The 
volume of gas required was excessive and would only 
tend to leak off more rapidly to lower pressure 
sands. Instead of reducing oil production during 
peacetime, increased gas injected would necessitate 
Increased production of more observation wells in 
order to watch the progress of an intensified gas 
injection program. 

Also, severe fingering of gas already was 
damaging tho productivity of many wells. Adverse 
pressure gradients would be increased. 

b. Except for certain areas, it would be difficult to 
raise reservoir pressure sufficiently to match edge- 
water pressure, the reason being that few areas 
were competently separated from other lower pressure 
areas or sands by faults or other barriers. The 
exception was the gascap In the SS-2, M sands where 
productive capacity might be increased at a loss of 
ultimate recovery due to the aggravation of the 
pressure gradient promoting oil migration along the 
south flank downstructure into the grey sands. 
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c. Loss of production from wells added to or near to the 
gas cap due to excessive gas/oil ratios would occur. 

d. It would not be possible to repre3sure to the extent 
desired due to connection of sands through well 
bores and faults, insufficient retaining force on 
the south flank, and possible disastrous effects of 
high pressure on old wells with weak, lap-welded 
casing. 

NMOC then recommended continuation of the limited gas 
injection project increasing reservoir pressure without con- 
flicting with good engineering practices. He also suggested 
the drilling of additional edgewater wells on the north flank 
to increase the withdrawal rate of encroaching water, possibly 
concurrently with limited gas injection in adaptable areas to 
help balance the pressure gradient. 

2. Increased Gas Injection Combined with 

South Flank Water-Injection 

Another alternate action was to combine an increased ga3 
injection program into the SS-2,M sands with a drilling program 
along the edgewater of the north flank to provide a greater 
production of water and a drilling program along the edgewater 
of the south flank to provide injection wells for injecting 
the high-pressure water produced on the north flank. At the 
same time it was proposed to carry out an extensive well- 
corrective program to segregate the different sands of the 
Shallow Zone. 

Theoretically, the above idea is sound; for reservoir 
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potential energy in the form of high pressure gas and water 
could be retained, reservoir pressure would be increased, 
field’s productive capacity and ultimate recovery should in- 
crease, and undesirable pressure gradients should be eliminat- 
ed. Moreover, effective use of gas cap expansion and natural 
water-drive would bo possible to raise the ultimate recovery 
of oil. 

However, actual conditions in the reservoir and practi- 
cal and economic reasons to date havo prevented the application 
of this solution to the ills of the Shallow Oil Zone. It would 
be very expensive and the outcome doubtful. However, certain 
phases of this program are currently being accomplished, and 
a later engineering study may prove the entire program out- 
lined above economically feasible. 

Results of the Actual Program 
1. Beneficial 

a. In the westernmost area of the SS-2,M Sand, pressure 
losses which occurred during heavy wartime with- 
drawals were restored mainly by gas injection into 
well 84-31S and pressure differential between north 
and south flanks practically equalized, thus neces- 
sitating a minimum amount of oil production from 
wet-wells. 

b. An over-all gain in current availability of the 



field had occurred, judging by the effect of the 
gas injection on productivity of all wells affected 
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by the gas Injection. 

c. Raised the over-all reservoir pressure in the SS-2,M 
sands, as shown on Figurs 5-12. 

2. Detrimental or Unsuccessful Results 

a. Uneven gas cap expansion with extensive gas finger- 
ing through the more permeable members had occurred, 
with gas capturing too many clean wells. 

b. In all cases except one ('Well 84-31S injection), 
gas injection had failed to stop the encroachment 
of high pressure edgewater on the north and east 
flanks, mainly because not enough gas was injected 
to raise the gas -oil pressure to match the hydro- 
static pressure behind the edgewater. 

o* Aggravated the pressure -gradients tending to promote 
migration and possible loss of oil Into the low- 
pressure, receding edgewater sands on the south 
flank, thu3 reducing ultimate recovery of oil. 

d. Great leakage of Injected gas (approximately 3500 
M.c.f. per day) occurs from the areas and sands 
(SS-2 and M) into which the gas Is injected. This 
leakage occurs through incompetent faults and well- 
bores to lower pressure areas and sands (such as to 
the SS-1 Sand to the east) where additional gas and 
Increased pressure are not necessarily desired, in- 
creasing the gas/oil ratio of many wells and lower- 
ing their productive capacity. This leakage is 
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Figure 5*12.. Curves showing effect of gas injection on reservoir static pressure, Shallow zone, Elk Hills field, Kern County, Calif. 
(Reprinted front BuMines Report of Inves tigs tions 4886) . 
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indicated on Figure 5-12 by the drop in reservoir 
pressure about June 1948 when the injection rate 
dropped below 5500 M.c.f. per day. 

3. Cumulative Effects and Resultant Action 

With the cumulative effects of the gas Injection program 
tending to promote losses in maximum economic ultimate recovery 
and future availability of oil from the Shallow Oil Zone, the 
gas injection project was terminated in June 1952. 
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MAJOR WATER ENCROACHMENT STUDY 



Description : 

This sttidy formed a part of the State of Readiness Pro- 
gram for the Shallow Oil Zone following World War II. The study- 
involved virtually shutting-in for a long period of 12 to 18 
months most of the wells in an area relatively isolated and de- 
lineated by parallel and intersecting faults from the rest of 

113 

the field. The area selected, shown on Figure 5-13, was 
one subjected to a high pressure edgewater encroaching up- 
structure from the North. During the shut-in period the only 
production consisted of reduced production from several up- 
structure observation wells to obtain necessary reservoir 
Information. 

Sands primarily affected by the study were the SS-1 and 
SS-2. However, a few new wells In the fault-block are com- 
pleted in the M and SM sands. 

Pertinent information on the fault-block Is listed 
between Figures 5-13 and 5-14. 

Objectives : 

1. To determine if an active water drive existed in 
the area selected. 

2. To determine the effects of natural up-struoture 
edgewater encroachment, accompanied with minimum production 
and resultant pressure build-up, on the productive capacity 
and ultimate recovery of oil from the Shallow Oil Zone, l.e . , 
to study the oil-producing efficiency of an active water drive. 
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MAJOR WATER- ENCROACH VENT STUDY 




A 4 ***<m of 

t$Jt- (941 too ft y.<kr 
*94^ /949 f<XX> ft.ptr y+r 

36 S 



• OBSERVATION WELL . 

a ttn ou mate location or 

SO PERCENT water cut ,****!*• 
it# pro^hcm rwoM uj>a re imi 



PERTINENT INFORMATION CONCERNING FAULT-BLOCK AREA ABOVE 

CHOSEN FOR THIS STUDY 



Sands Affected 
Primarily: 

SS-1 ; SS-2 
Partially: 

M; SM 

Prod . Sand Vol . : 
29,000 Acre-Ft. 
Orig. Stock Tank 
Oil in Place: 
48.6 MX. Bbls . 



Orig. Press.: 

1125 psia at 
2000 ft Sub Sea 
Ave. Porosity: 

34.6 % 

Ave. Permeability: 
1 to 4 Darcys 
Original Water 
Saturation: 

30 % 



Structural Closure: 
1100 ft 
Est . Rate of 
Water Influx: 

1.8 Ml Bbls per Yr 
By 1945, prior to 
study, 2/3 of 
fault-block had 
been flooded to 
50 % water cut. 
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3. To compare the results of the above study with the 
probable results that might be obtained If the encroachment 
of water had been retarded by all means available , i.o . , the 
relative advantages of different production methods. 

Pertinent Dates ; 

14 December 1945. --Area of active water drive selected. 

Study commenced. Production greatly 
reduced. 

October 1946. Shut-in period ended. Twenty-seven 

wet wells in fault block put on 
full production. 

January 1947 Exploratory Well No. 77-27S completed 

in this fault-block area. This well 
provided additional information on 
the effects of water encroachment. 

March 1949 Production rate increased in an 

attempt to dewater this area more 
rapidly. 

December 1949 Production rate again increased. High 

rate of wet well production continues 
from this area. 

Action Taken : 

In brief, the procedure consisted in completely shutting 
in most of the wells In the fault block for a long period, ob- 
taining information on water encroachment and pressure build- 
up from observation wells during the shut-in period, and then 
opening the block to full production to determine the effects 
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of tho shut-in period on the productive capacity of each well 
and ultimate recovery of oil from the fault block. 

There were 32 active oil wells in the area. The 24 
down -structure wells, with an average water/oil ratio of 5*2, 
were shut-in; about 8 up-structure wells wore operated as 
observation wells, initially at their former production rates 
and later at about one -half their former rate. In Deoember 
1947, the shut-in period ended and the wells began to be re- 
turned to production. 

Production from most of the wells in this area has been 
continued to date as part of the Protective Production of Wet- 
well Program and in an attempt to dewater the area* When up- 
structure wells return to clean oil production for three con- 
secutive months, they are then shut-in. 

Exploratory Well No. 77-27S was drilled in this area to 
evaluate the efficiency of the active edgewater in flushing oil 
ahead of it, i*e * , to determine the state of depletion of the 
different oil sands. Since its completion in January 1947, ten 
separate sand fingers in the SS-1, SS-2, and M zone3 have been 
selectively gun-perforated and tested. The well was finally 
completed in two clean oil productive sand intervals of the 
SS-2. 

Shut-in periods, oil and water production rates, and 
other pertinent items are well illustrated on the graph of 
Figure 5-15. 

Alternate Actions Proposed : 



1. Remain Shut-in. Completely shut-in the fault block; allow 
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A COMPARISON OF 


THE PRODUCTION 


CHARACTERISTICS 


OF THE GROUP OF 


WET WELLS : 


SHUT-IN FOR THE 


STUDY AT DIFFERENT PERIODS 




During Emerg. 


Four Months 


After Four Yrs . 




Prod. Period 


After Return 


on Wet-Well 




(June 1945) 


to Prod. 
(April 1948) 


Prod. Program 
(1952) 


No. of Wells 


: 26 


26 


28 


Oil, Bbl s/Day 


: 1000 


375 


763 


Water, Bbl s/Day 


: 5500 


5300 


6236 


Water/Oil Ratio 


: 5.5 


14.1 


8.2 


Oil Prod., % of 


1945 Prod. 


: 100 


37.5 


76.3 


Oil Prod., % of 


1948 Prod. 


: 267 


100 


203 




TABLE £_i 
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the pressure to continue building up as water encroaches; 
accept some ultimate loss of oil bypassed by water in return 
for an initially high rate of production when an emergency 
demands it. 115 

The only fallacy in this method of recovery is that the 
expected high rate of production failed to materialize. Theo- 
retically, it should have increased for the area as a whole; 
but when the shut-in area was put on production again, the 
productive capacity had materially decreased. 

2. Produce Wet -Wells (Revive old system). Operate continuously 
wet down -structure wells to decrease the up-structure edge- 
water encroachment -- the production method employed by opera- 
tors in the Tupman Area before unitization and by the Unit 

IT *2 WQ 

during the emergency wartime production. * 

This production method was revived in 1948 and con- 
tinues to date. 

3. Gravity Drainage Production by Drilling More Water-Wells and 
Dewatering . Re-open fault block to production; if necessary, 
drill additional down-structure well3 in order to produce water 
at a rate sufficient to prevent up-structure water encroach- 
ment; employ gravity drainage for oil production; expect a 
much greater ultimate recovery of oil at a reduced rate over 

a longer period of time than in (1) or (2) above. 

This production method will probably supplement or 



succeed the present production method described in (2) above 



130 
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Results of the Project 

1. Observation Wells . Production characteristics of the obser- 
vation wells being continuously produced initially tended to 
improve . 

2. Rate of Water Advancement . Closing the down-structure well 3 
accelerated th9 edgewater advancement from a previous 100 to 
125 feet per year to about 1,000 feet per year -- too rapid 
for effective flushing of oil from the sands. See Figure 13. 

3. Type of -‘ater Advancement . Edgewater advancement was very 
irregular, fingering rapidly through the more permeable 
members. Water encroachment occurred primarily through the 
SS-1 sand with only minor fingering in the S5-2 and SM sands. 

4. Water Cut . By the end of the shut-in period production 
from all observation wells was at least 60 per cent water -- 
some as high as 85 per cent water. Refer to the advanco of 
the 50 per cent water-cut on Figure 5-13. 

5. Pressures . In general, the bottom-hole static pressures in 
the down-structure and mid-structure wells increased con- 
siderably. However, in spite of the rapid up-dip encroach- 
ment of water, the pressures in the producing observation 
wells up-structure decreased until the normal production 
rate Y/as halved. The average pressure increase was about 
200 psi. The change in pressure with time and well position 
is well illustrated by the pressure profile curves of Figure 
5-14. 

6. Production Rate. In general, as the edgewater front 
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approached a well, there was a sudden rise in pressure and 
production; but as the front passed, more water was produced 
and oil production declined -- as to bo expected. 

7. State of Depletion of Reservoir Sands . Results of extensive 
production testing and core analysis of ten separate sand 
fingers in the new Well No. 77-27S indicated that large 
quantities of otherwise producible oil had been left behind 
by the encroached edgewater; that the more permeable sands 
(SS-1) were only water productive; tighter sands were oil 

14c 

productive . 

8. Productivity of Area at End of Study . After the wells were 
placed on sustained production again in 1948, the productive 
capacity of all wells in the area was only about 46 per cent 
of the 1945 rate prior to the shut-in period. The produc- 
tion characteristics of the wet wells 3hut-in for the study 
are compared as a group for the period before and after the 
study in Table 5-1 below Figure 5-15. A big drop occurred 
in oil productivity of the group. 

9. Results after Return to Wet-Well Production Program . By 
January 1955 the productive capacity of the original 26 
shut-in wells in this area had been restored to about 66 
per cent of the 1945 rate and about 177 er cent of the 
1948 rate . 125 

Conclusions and Corrective Action 

1. Water Drive . Active edgewater drive definitely exists in 
this particular fault block. However, other studies have 
3hown that in several areas of the Shallow Zone no active 
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water drive exists, end in other areas a receding edgewater 
exists . 

2. Inefficient . In this area of Shallow Oil Zone, oil pro- 
duction efficiency by natural water drive appears impaired 
due to severe fingering of encroaching edgewater through 
the highly permeable members. The water tends to bypass 
and surround an excessive amount of residual oil. This 
method of production does not appear applicable to the 
Shallow Oil Zone. 

3. Losses . As a result of the Major Water Encroachment Study 
which permitted a too-rapid rate of edgewater advance, 
appreciable quantities of otherwise producible oil in the 
affected area were apparently bypassed, and the overall 
productive capacity of the area was abnormally reduced. 

4. Corrective Action . The wet well3 were returned to the Wet- 
Well Protective Production Program and the area partially 
dewatered in order to reduce edgewater level and perhaps 
restore availability of wet wells -- the production program 
still being used with some success in restoring productive 
capacity. 

Discussion i 

Natural water drive existed in the SS-1 sand as early 
as 1923 with water invasion occurring on the North and Ea3t 
flanks. A study in May, 1947, by California Research Corpora- 
tion estimated that the net rate of water entry into the fault 
block is about 1.8 million barrels per year, or about 5,000 
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TIC 

barrels per day. ° 

Down-structure two-thirds of the fault block area is in 
the Old Area (Tupman). This area was damaged early in the 
field's life by rapid depletion of reservoir energy through 
excessively high production rates, by high gas/oil ratios, and 
by unbalancing due to multi-zone completions. Some fault block 
energy has apparently been maintained by naturally encroaching 
high pressure water on the North flank. If permeabilities and 
permeability variations in the Shallow Oil Zone sands were not 
such as to promote formation of water stringers, this natural 
water drive could be employed as a very efficient oil-producing 
mechanism. 

As part of this program, as already mentioned in the 
review of the gas injection program, 30me gas was injected up- 
structure into the apex of the fault block in an attempt to 
prevent the rapid encroachment and severe fingering of the 
high pressure water up-structure by correcting the great pres- 
sure differential existing between the aquifer and the oil and 
gas zones. The gas Injection program was unsuccessful because 
the faults proved incompetent near the apex and the gas bled 
off to areas and zones of lower pressure. 

Some objection has been raised to the procedure employed 

in this study of keeping the 8 up-structure wells on continuous 
1 1 £ 

production. It was felt that the rapid water fingering 

through the more permeable sand members was aggravated by 
this production; and, if these wells had not been produced, 
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less severe fingering and a more even encroachment and hatter 
flushing night have resulted. Desirable reservoir data could 
have been taken at periodic intervals by intermittent produc- 
tion from different wells. 

Also, theoretically, some objection may be raised to the 
present rapid production of high pressure water, representing 
a definite loss in vital reservoir energy. Rapid production 
of high pressure gas and resultant depletion of reservoir 
energy for production of oil is no longer approved or generally 
practiced; likewise, water at high pressure is recognized more 
and more as being just as vital a source of oil-producing 
energy as gas. Nevertheless, the practical aspects and re- 
sults of this study, as have been explained, indicated this 
field to be no textbook example* rather, it was the exception 
to the rule. The presence of wide variation in the permea- 
bilities of the sand members and the great pressure differen- 
tials existing over short distances w©re the main reasons the 
water drive failed. 

It is still possible that in other areas of the Shallow 
Oil Zone, effective use of the active water drive may be made 
in recovering more oil during the later life of the field, 
profiting by the information and knowledge obtained from the 
Major Water Encroachment Study of 1945-1948. 

Reservoir energy may be preserved and reservoir pressure 
gradients from North to South removed by producing high pres- 
sure edgewater along the North flank and injecting it into the 
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receding or static aquifer on the South flank, combined with 
a gas injection program into any low pressure gas or oil zones. 
To date this has not been done duo to very high coats necessi- 
tated and questionable results of such a program.^® 
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MINOR WATER ENCROACHMENT STTJDY 

Description : 

This study, similar to the Major Water Encroachment 
Study previously described, Involved shutting-in four down- 
structure wells Yfhich were heavy water producers and producing 
thirteen upstructure wells as observation wells. The fault- 
block area on the northeast flank chosen for the study Is 
shown In Figure 5-16. Only the Shallow Oil Zone was involved 
in the study. Sand primarily affected was the SS-1. 

Objectives : 

The primary objective was to determine the extent and 
effects of encroaching water in Section 25-S on the productiv- 
ity characteristics of upstructure wells. 

Pertinent Dates : 

April 1945— Tho study was commenced. The four down- 

structure wells shown in Figure 5-16 
wore shut-in. 

December 1949 — The study wa3 abandoned. 

May 1950- The shut-in wells were returned to pro- 

duction under the Protective Production 
of Wet Well Program. 

Results : 

1. No apparent effect of high pressure edgewater in 
Section 25-S on upstructure observation wells was observed. 
This fact is best illustrated by the pressure profile curves 
of Figure 5-17, 
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FIG. 5-16. Contour Map of Fault Block Area for Minor Water 




FIG. 5-17. Pressure Profiles Through Area Indicated In Fig. 5-16 
and Supporting Existence of a Downs true ture Barrier. 
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2. No apparent movement of edgewater upstructure was 
observed, 

3, Pressures in the area increased only from 50 to 
200 psi between January 1946 and January 1950. 

Conclusions : 

1. The failure of the edgewater to move upstructure, 
despite a pressure differential of 1000 p3i between the shut- 
in wells and the observation wells, indicated the presence of 
a permeability barrier between the two groups. Pressure pro- 
files like those of Figure 5-17 supported the theory of a 
permeability barrier indicated on Figure 5-16. 

2. Again, as in the Major Water Encroachment Study, 
the conclusion was reached that a natural water drive along 
the North flank of the Shallow Oil Zone was not an effective 
production method but for diametrically opposite reasons to 
the Major Study. No active water drive could function through 
a localized area of very low permeabilities. 

Discussion : 

Since the pressure in this area is nearly depleted and 
natural water drive has not proved feasible, remaining methods 
of obtaining greater productive capacity and ultimate yield 
from this area are : 

(1) Localized gas injection into the secondary gas cap 
of this fault-block. 

(2) Water flood by injecting high pressure water from 
nearby downstructure wells into wells upstructure 
of the apparent permeability barrier. 
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(3) Gravity drainage. 

The success of localised gas injection would depend upon 
the fluid competency of the faults 3hown on Figure 5-16, which 
as shown on the map apparently form a closure for this area. 
Pressure gradients, however, indicate the eastern fault and 
the upstructure southern fault are not pressure barriers, and 
adverse pressure gradients might be developed toward the south 
flank, contributing to the migration of oil into wet sands. 

Natural water drive having failed, an artificial water 
flood farther upstructure probably would not be attempted ex- 
cept as a secondary recovery method much later in the life of 
the field, provided economic considerations would warrant it. 

Gravity drainage, therefore, remains as the most prob- 
able means of obtaining the most production economically from 
this area. Downstructure wells which are upstructure of the 
apparent permeability barrier would be produced. This pro- 
duction should, reduce the pressures in the lower area and thus 
create a potential gradient inducing the drainage of oil 
downstructure into the producing wells. 
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PROTECTIVE DEWATERING AND GRAVITATIONAL DRAINAGE STUDY 
Description : 

As part of the Gravitational Drainage Study, about 25 
water wells and high water/oil ratio wells along the east 
flank of the Shallow Oil Zone in the area shown on Figure 
15-18 were produced at maximum capacity; and the effect of 
this production on 7 upstrueture observation wells was studied. 
The Program was later changed to the Protective Dewatering 
Project. 

The SS-1 Sand was primarily affected. The program 
covered areas in Sections 1-G, 6M, 36S, and 31T. 

Objectives : 

Initially — 

1. To create a drainage gradient along the east flank 
by dewatering and then to determine the possibility 
of obtaining maximum economic ultimate oil recovery 
by gravity drainage mechanism In the Shallow Oil 
Zone. 

Finally -- 

1. To prevent damage to upstrueture wells by encroach- 
ing edgewater. 

Pertinent Dates : 

1 November 1945 — Study commenced. 



May 1947 Larger pumps installed, 

April 1950 Gravity drainage aspect of the study 

abandoned; shifted to a Protective 



Dewatering Project. 
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Action Taken ; 

From 25 to 29 water wells and high water/oil ratio wells 
shown In Figure 5-18 were produced at thoir maximum fluid ca- 
pacity. Later larger pumps were installed and additional wells 
were added in efforts to increase the water withdrawal rate. 

Three to four clean ups true ture wells were produced to 
observe the results of the heavy downstructure production on 
their productivity characteristics. 

Results : 

1. The gravity drainage aspect of the program was un- 
successful. Even though larger pumps were installed and addi- 
tional wells were produced, still the rate of fluid withdrawal 
from the wells in this area was never groat enough to dewater 
the area and produce the necessary gradients for promoting 
gravity drainage downstructure. As shown by the pressure pro- 
files of Figure 5-19, three years of dewatering production 
failed to produce the gradient necessary for gravity drainage. 

2. However* tho program did serve to reduce encroach- 
ment of high pressure edgowater into low pressure, clean oil 
sands on the southeast flank. 

Discussion : 

The low fluid withdrawal rate is attributed to the age 
and condition of the wells — all old ones completed in the 
1920’a, and to the sand trouble attendant with high production 
rates. Some wells wore in poor mechanical condition and the 
drainage channels around the well bores and liners were badly 
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FIG. 5-18. Area of the Dewatering-Gravitational Drainage Study 
Showing Water Producing Area and Ups true ture Observation We 11s. 
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clogged and sanded. The high cost of reworking these wells to 
secure better drainage and less sanding and the doubtful re- 
sults of a complete well reconditioning program sufficiently 
increasing the fluid withdrawal rate to dewater the area, 
necessitated shifting the program to a protective dewatering 
project. 

Even if the area had been successfully dewatered and 
gradients promoting gravity drainage had been created, the 
rate of drainage and resultant production rate may well have 
been too low for economic production of oil due to the rela- 
tively low structural relief of this area and the high vis- 
cosity of the gas denuded oil. The high permeabilities, 
however, in this area would tend to offset those disadvantages. 

Other areas of higher structural relief, equally good 
permeabilities, and lower rates of water encroachment might 
provide a more effective gravity drainage study, such as the 
fault-block area used for the Minor Water Encroachment Study 
previously described. 
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ROTATING PRODUCTION TEST PROJECT 



Description : 

This project consists of the periodic production testing 
of all wells in the Shallow Oil Zone which have producing fa- 
cilities and are not produced under one of the other projects 
of the Readiness Program. Most of the wells under this project 
are clean wells. As many as 423 wells have been included under 
this program at one time or another. 

Objectives : 

1. To determine the mechanical condition of each well 
and its productivity characteristics. 

2. To provide information for a continuing estimate of 
the productive capacity of the field. 

Pertinent Dates : 

22 October 1945 Project initiated. 

20 April 1950 Testing methods changed and production 

under this project curtailed on advice 
of the Engineering Committee. 

Procedure « 

Initially, each well not being produced under another 
program was placed on maximum rate of production for a minimum 
period of 10 to 11 days each year while mechanical and produc- 
tion information was obtained. 

Following a review of data the testing procedure was 
altered to reduce production Tinder this program. The wells are 
now divided into two groups, each tested differently: 
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Group I includes clean wells with little or no water 
production. These wells are produced every 2 years for 
5 days at good operating rates as deter ined by the 
Operating Committee, with the restriction that wells 
of capacities exceeding 300 barrels per day are not to 
be produced above 300 barrels per day. 

Group II includes wells Increasing in water production 
and clean wells near wet wells or in areas of active 
water encroachment. These wells are produced each year 
for 8 days at good operating rates as determined by the 
Operating Committee from the production history of each 
Individual well. 

About 270 wells were produced under this project in 

1952. 

Results : 

1. The project has been successful in providing ade- 
quate information concerning the mechanical operating condition 
of the wells and in supplying desirable reservoir engineering 
information on the Shallow Oil Zone. 

2. Production under this project was quite high under 
the original ten-day test procedure, reaching as high as 2900 
barrels per day. Under the present system of two groups of 
wells and test procedures, the production has been reduced to 
an average of about 700 barrels per day, a rate considered a 
minimum to provide adequate operating and production informa- 
tion. 
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Discussion : 

Controversial aspects of this project have centered 
around its primary objective . Is the objective to test the 
mechanical operating condition of the wells or to provide pro- 
duction and reservoir information? 

Between 1945 and 1950 emphasis seemed to be on the latter 
with long production periods and high production rates. 

In 1950, a Navy Board convened by the Director con- 
cluded that sufficient production history had been obtained, 
that production should be curtailed, and that clean oil wells 
could be tested by bore-hole measurements without production. 

Based on a Navy directive production programs were cur- 
tailed. Emphasis was shifted to obtaining operating informa- 
tion rather than production information, resulting in a steep 
decline in production under this project. Determining the 
condition of clean oil wells by running suitable instruments 
in the hole, as recommended by the Navy Board Review, has not 
as yet been adopted. 

However, in approving the new testing methods. Standard's 
representatives did so with the reservation that an eight-day 
test period in one case and a rate restriction of 300 barrels 
per day in another test method would not yield adequate reser- 
voir information and thus reduce the effectiveness of the pro- 
gram in protecting the Reserve and insuring maximum ultimate 
recovery. 

Since adoption of the revised testing methods, the 
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program has been followed with only alight variation. 
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PROTECTIVE PRODUCTION OF •’ET WELLS 



Description : 

Wells of high water/oil ratios not being produced under 
other phases of the Readiness Program are produced under this 
project. 

About 200 wells have been produced from time to time 
under this project. 

Objectives : 

1. To prevent losses in availability and ultimate 
recovery by protecting upstructure clean oil sands of the 
reservoir against damage by encroaching water surrounding and 
bypassing oil, rendering it unrecoverable. 

2. To prevent water from high pressure, wet sands 
flooding lower pressure, clean sands through the well bore of 
multi -completed wells which are wet. 

Pertinent Dates : 

September 1945: Project initiated. 

Procedure : 

1. If a well on the Rotating Production Test Program 
appears wet, it is produced for a period of 30 to 60 days. 

2. If the well remains wet at a substantially high 
water cut, it is placed on continuous production under the 
Wet Well Protective Production Program, Some wells clean up 
after the test production period or after continuous produc- 
tion. Others may be repaired and the encroaching water 
excluded. In these cases, the wells are then returned to the 
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Rotating Production Tost Program. 

Results: 

General — 

Thl3 Program may b9 considered relatively successful 
In its objective of retarding the invasion of clean oil sands 
by encroaching water through the well bore of wet wells and 
in retarding upstructure migration of water. 

Specific -- (Results a3 of 1953) 

Total number of wells produced on this project: 200. 

Number of wells Initially on this project: 58, 

Number of wells which cleaned up (i.e., water/oil ratio 
reduced) sufficiently after continuous production to 
be removed from this project: 54. 

Number of wells repaired (water excluded) and removed 
from thi3 project; 61. 

Number of wells currently producing on this project: 85. 

Rate of production and cumulative production tinder this 
program may be found in Chapter III. 

Discussion : 

Judging by the number of initial well3 on the program 
and the number produced under it currently or at one time, the 
project appears to have a snow-balling tendency. Thi3 effect 
is not necessarily the fault of the project itself; for it is 
essentially corrective in its nature, not preventative. If 
other programs fail to correct potential gradients and prevent 
water encroachment, some upstructure wells become wet and they 
are added to the Wet Well Protective Production Program. Thus 
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the damage has already been done by the time a well is put on 
this program. By the singular nature of it3 corrective action, 
there is little reason for the return of any well to sustained 
clean prodtxction without extonsive water shut-off repairs, 
which have proved expensive and not too successful — often 
resulting in all production being shut-off. 

When is a well wet enotagh to be placed on this Program? 
Only an arbitrary answer can be used. The selection method 
has been that any well showing a 10 per cent water cut or 
producing 10 barrels of water on production tests is added to 
this program if not already on another continuous production 
program. However, this testing method is not conclusive evi- 
dence that water flooding is occurring. Also, it might serve 
unnecessarily to aggravate the unbalanced condition inducing 
the fingering of water into the well, causing more water en- 
croachment rather than less. 

At what rate should the wet well bo produced? Very 
high production usually means rapid rate of oil withdrawal as 
well as water withdrawal ; for conservation reasons this is 
not desirable. If the production rate is low, water may be 
bypassing the well, moving upstructurs or into low pressure 
clean sands connected in the well bore. The general policy 
on production rate for wet wells has varied considerably 
during the life of this program. The initial practice of 
automatically producing a wet well at maximum fluid withdrawal 
was abandoned in favor of analyzing each case to determine the 
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best z*ate of production to protect the well and the reservoir, 
without excessive oil production. However, recent programs 
to be discussed have returned to the "maximum production" 
theory for wet wells. 



SELECTED REFERENCES IK Tin BIBLIOGRAPHY : 
112, 123, 125, 138. 






,Vi • V*r is -■ t'J ,-C r J )V -3 'Zt?- ■f-L iq 1« f*3 • *! • ^ 

♦»-••» •*■•? .>•:>•.*. •• vr ! . n-'-Jf Civ) - > i ? •. • ■•' 

•**.- jf fat r .fyrr *• r lx 3 • f «*xl* ccf E «?< > *r • Ja • ev ©e^jJOa.1 * ' 3 

,*■11 Oft'* v» n til 



: i . "f. ff; ijp*rq.rug c _ o- , 

831 < 'll ,4SI ,:ix 



REPAIR AND REMEDIAL PROJECT 



Description ; 

This Project consists of the repair or abandonment of 
Shallow Zone wells. 

Objectives t 

1, To maintain wells in the best possible condition 
for prompt availability of production. 

2. To repair or abandon wells which constitute a hazard 
or which might damage the reservoir. 

Pertinent Dates : 

Sept. 1946 to March 1949 j Period of Intensive repair 

and remedial work. 

March 1949 to Occasional repair work only. 

Action Taken : 

1. One hundred and eight (108) wells were repaired 
primarily to exclude water from the well bore. 

2. Ten (10) wells in the Hay-Carman area of high pres- 
sure gas were repaired and now serve as observation wells. 

3. Thirty-eight (38) wells, about 25 years old, in 
Hay-Carman area were abandoned due to their hazardous mechani- 
cal condition. 

Results : 

1. Repair of the 108 wells resulted in successful water 
exclusion, but also, all too often, partial or complete oil 
exclusion occurred. The net result was an overall marked 
decrease in availability. 
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2. As a result of unsuccessf ul repair work some wells 
had to be abandoned. 

3. Water encroachment in the area around the repaired 
wells continued. 

4. The migration of fluids between sands was stopped 
only in the well bores of the few repaired wells. 

Conclusions and Current Actions : 

As far as guarding against hazardous conditions in wells 
of bad mechanical condition, the program may be termed success- 
ful. 

As regards the repair of wells to prevent water encroach 
ment without damaging oil productivity and to prevent the migra 
tion of fluids between sands -- these phases of the Program 
were unsuccessful and in effect have been abandoned. 

Lack of current repair work, for which there is much 
justification or hope of success, has retarded other phases of 
this program. 



SELECTED REFERENCES IN THE BIBLIOGRAPHY: 



109, 122, 138. 
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Part D 

RECENT ADDITIONAL RESERVOIR ENGINEERING PHOBLETiS 
NOW IN PROGRESS OR PROPOSED AS OF 1952 



In 1952 the Operating Committee and the Engineering 
Committee concluded that drastic changes and additions were 
necessary to the State of Readiness Program for the Shallow 
Oil Zone. Tho Program with modifications had been in effect 
for seven years, and sufficient production and reservoir data 
were available to permit a complete reevaluation. Also, con- 
siderable additional reservoir information had become avail- 
able as a result of the extensive post-war exploratory and 
development drilling program in the Shallow Zone, especially 
along the South Flank and in the western portions of tho 
Reserve. This information also indicated the urgent need 
for changes in the current Program. 

Consequently, in 1952 and 1953, the Engineering Commit 

tee made a comprehensive review of the State of Readiness Fro 

gram. This study culminated in the preparation by the Unit 

of a comprehensive report entitled, "Review of State of 

Readiness Program, Shallow Oil Zone, 1945-1952; Recommended 

Programs for Future Operation with Particular Reference to 

138 

Present Losses of Availability and Ultimata Recovery." 

This report, dated 27 February 1953, was submitted by the 
Engineering Committee to the Secretary of the Navy and to the 
Standard Oil Company of California. 

In brief the conclusions of the Engineering Committee 
were that "...losses in maximum economic ultimate recovery 
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and availability of production have boon and are taking place 
in the Shallow Oil Zone.” The present Program had not and 
could not prevent the losses, which would continue under the 
existing reservoir conditions. 

Recommendations of the Committee consisted of four 
programs designed to correct undesirable conditions. These 
programs as recommended and a3 approved will be covered briefly 
in the following pages. Since these programs constituted a two 
to three-fold increase in oil production, they were thoroughly 
reviewed and explained by Navy and Standard to the Congres- 
sional Committee on Naval Affairs. With a ’’green light" from 
Congress, the programs with some restrictive modifications 
were finally approved by the Secretary of the llavy in the 
spring of 1953. In addition to the new programs, the following 
projects under the original State of Readiness Program were 
continued: Rotating Production Test, Repair and Remedial Work, 

Protection of Surface Equipment and to a minor extent the Pro- 
tective Production of Wet Wells. The latter project and other 
original projects -under the Old Program were mostly absorbed 
or abandoned under the four new programs now in progress. 
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SS-2 AND M SOUTH FLANK REMEDIAI PRO ORA 



Objectives : 

This program wa3 designod to eliminate an adverse pres- 
sure gradient on the south flank of the SS-2,M sand, which 
indicatod that oil was being lost by migration downdip into 
water sands. Calculations indicated that the migration was 
occurring at a rate of approximately 2 million barrels per 
year of which 50 per cent would probably bo unrecoverable un- 
less additional well3 were drilled. However, additional 
drilling would not be economical. 

Action : 

Commencing in June 1953 a remedial production program 
was initiated consisting of continuously producing rows of 
high pressure upstructure wells, both in the gas cap and in 
the oil zone, in order to reduce upstructure pressure and 
thereby correct the North to South pressure gradient. 

Results j 

Commencing about December 1953 the pressure gradient 
already had boon corrected in certain areas along the South 
Flank. A3 the gradient was corrected in each area the con- 
tinuous producing wells except for some observation wells were 
removed from production. All of the area is approaching a 
balanced pressure condition. The program currently is being 
made more flexible to maintain the area in as near a static 
condition as possible. 
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SS-1 SOUTH PLANK REMEDIAL PROGRAM 



Description : 

In essence this program is similar to the one described 
above for the SS-2, M South Flank. An adverse pressure gradi- 
ent from North to South exists, coupled with an apparently re- 
ceding and diminishing aquifer to the South. Extensive migra- 
tion of oil (about 1.5 million barrels per year) downdip into 
the water sands is believed to be occurring as a result of the 
pressure gradient and as indicated by development well and 
production evidence. 

Action : 

To minimize this loss, an increased production program 
was initiated along the south flank as the only practical so- 
lution currently available. In addition, high gas -oil wells 
upstructure are being produced to correct the pressure gradient. 

Commencing in 1953, an electric-analogy study of the 
regional aquifer affecting the SS-1 sand, particularly along 
the south flank, was in progress by California Research 
Corporation. 

Status ; 

The current status of the above program and study as 
of May 1954 is not known by the author. 
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NORTH FLANK AND EAST KOSE REKBDIAL PROrrRAM 

Description : 

Results of the various water encroachment studies under 
the original State of Readiness Program convinced the Engineer- 
ing Committee that the encroachment of high pressure edgewater 
was damaging to the Shallow Oil Zone, Efforts to utilize this 
natural water drive as an effective producing force and sweep- 
ing mechanism had shown it to be inefficient for the Shallow 
Oil Zone sand with it3 great variation in permeability. 
Recommendations : 

With the above in mind and with heavy water encroachment 
still occurring along the North flank and East Nose, the Engi- 
neering Committee recommended an increased production program 
in these areas and the drilling of 36 new wells. The produc- 
tion was to be mainly from wet wells of high water-oil ratios 
and from all water wells. The new wells were to be drilled in 
high water-oil ratio areas, and placed on continuous production. 
The desired result was a water production rate to match the 
rate of water encroachment and thus prevent upstructure migra- 
tion of high pressure edgewater. 

Status s 

The exact status of this program as of May 1954 is not 
well known by the author. However, it is known that many 
additional North flank and East nose wells have been placed 
on continuous production. Also, a reduced drilling program 
was approved by the Secretary of the Navy. 
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77-20 AREA (SS-2 SAND) REMEDIAL PROGRAM 

Description : 

This program is a small version of the previous program 
described for the North flank and East nose. To the southeast 
of the competent fault just north of well 77-2 G the SS-2 acts 
as a separate and individual reservoir. Water encroachment 
upstructure is occurring, and efforts in 1950-1952 to stop 
it by gas injection in the secondary gas cap through well 
77-2G were not successful. 

Recommendations : 

The program as recommended by the Engineering Committee 
consisted of drilling and producing three SS-2 downstructure 
wells to retard water encroachment, putting all SS-2 wells in 
the area on production, and producing wells in the gas cap to 
a limited extent. 

Status : 

The program is in progress but its present status is 



not known by the author. 
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CHAPTER VI 

UNITIZATION 

AND 

UNIT OPERA TIP 
OP 

NAVAL PETROLEUM. RESERVE NO.l 

BRIEF REVTEV OP EVENTS 
L~ AT. 0 TO UVXTIZAIIN:' 5 » 6 

For nearly twenty years after the discovery of oil in 
Elk Hills, Navy had not experienced much success in carrying 
out the settled policy of the Government of maintaining a 
great naval petroleum reserve in the ground. As evidenced by 
the production history of the Shallow Oil Zone, Figures 3-1 
and 3-3, production from the Elk Hills field was continuous 
and heavy; for production from privately owned lands adjacent 
to and within N.P.R. No. 1 had compelled the Issuance by Navy 
of off-set leases and continuous production from them to 
restrict drainage from the Reserve. 

Finally, in 1938, Navy obtained legislation from Congress 
which enabled it to deal positively and constructively toward 
making Elk Hills a petroleum reserve in reality. This legis- 
lation was the Congressional Act of June 30, 1938. It 

authorized the Secretary of the Navy in effect either (1) to 
make satisfactory agreements with private owners on the Elk 
Hills field for the conservation of petroleum from the field; 
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or (2) in the event satisfactory agreements could not be reached, 
then he was authorized to proceed with the purchase or condemna- 
tion of all such privately owned lands or leases in N.P.R, No. I. 5 

With this Act as a backdrop, negotiations with Standard- — 
who was the only remaining owner and operator of any signi- 
ficance at the field- — finally culminated in a contract of 20 
November 1942 which effectively unitized N.P.R. No. 1 and gave 
the Secretary of the Navy complete and final authority over 
the Reserve. 

In anticipation of the successful conclusion of the above 
contract. Navy obtained Executive Order No. 9257 from the 
President.^ This order, dated 15 October 1942, extended the 
boundaries of N.P.R. No. 1 to include an additional 1720 
acres of public land and approximately 4000 acres of privately 
owned land, mainly Standard's fee owned and leased land on 
the Elk Kills structure. This enlargement effectively included 
tho balance of the known geologic structure of the Shallow Oil 
Zone. Tills boundary and others during the life of the field are 
shown on P'igure 1-3. 

Although this contract was never finally approved by 
Congress for legal reasons and was superceded by temporary 
agreements until the approval of the present Unit Contract on 
19 June 1944,^^ the date of 20 November 1942 marks the effec- 
tive unification of the Government and privately owned lands 
on N .P.R , No. 1. 
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UNIT OPERATT ) OFN.P.R. HO. 1 



The Unit Operation of N.P.'. No. 1 is carried out under 

147,146 

four interrelated contracts entered into by Navy and Standard, 

These contracts are discussed below. 

150 

Unit Plan Contract, NQd 4219 . 

On 19 June 1944 the Unit Plan Contract between the Navy 
Department and Standard Oil Company of California was approved. 
This Contract, retroactive to 20 November 1942, rescinded all 
previous temporary agreements and is the basic contract for 
the Unit development and operation of the entire N.P.R. No. 1 
(Elk Hills field). Navy and Standard are the only partici- 
pants in the Unit Operation. 

In many ways it is similar to any contract completely 
unitizing an oil field. It eliminated all competitive features 
of past operations by substituting cooperative unit development 
and production methods. Procedures were established for deter- 
mining relative participating percentages of each party in 
production receipts and costs. Methods of allocating and 
disposing of production were agreed to. And the other 
usual items — -such as determination of disputes, accounting 
procedures, term of the contract, etc. ---are all provided for 
in the Unit Contract. Advisory and operating committees 
established for the Unit Oporation of the Reserve are discussed 
later in this chapter. 

The Unit Contract, however, is unlike any contract unitizing 
a commercial oil field among private interests only. This fact 
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will be illustrated by some of the important and Interesting 
features quoted from the Contract and/or discussed in succeed- 
ing paragraphs . 

Reasons for unitization and basic provisions of the Con- 
tract are given in the following excerpts from the Recitals in 

150 

the Unit Contract.., 

" (6) The following considerations have led Navy and Standard 
to conclude that the most desirable and effective means of 
protecting the Reserve and of assuring the maximum ultimate 
recovery of oil, gas, natural gasoline and associated hydro- 
carbons from the Reserve is to develop and operate all lands 
in the Reserve as a unit: 

(a) The Reserve is a part of a single geologic structure; 
and the practice of offset drilling has not proved 

to be an effective means of assuring to Navy its 
proper share of oil produced from the Reserve and 
does not conserve Navy’s oil In the ground. 

(b) The independent development and operation of privately- 
owned lands in the Reserve, from which oil may be 
freely produced without control or restraint by 

Navy, would constitute a grave threat to the security 
of the Reserve and would impair Navy's power to 
conserve oil in the ground, 

(c) Navy deems it inadvisable to shut in the wells on 
Navy’s lands forthwith in view of possible permanent 
damage to the wells or to the national Interest in 
the ultimate economical production of oil therefrom, 
and in view of the probable drainage of oil from 
Navy's lands in the event lands not controlled by 
Navy are developed and operated without simultaneous 
protective development and operation of Navy's lands. 

(d) The unit plan of development and operation as set out 
herein will: 

(i) Afford Navy a means of acquiring complete 
control over the development of the entire 
Reserve and the production of oil therefrom 
in order that Navy may protect the Reserve 
and conserve in the ground all of Navy’s 
share of the oil in the Reserve as well as 
a substantial portion of Standard's share 
of oil in the Reserve. 
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(ii) Make available to Standard a limited quantity 
of oil from one of its most important sources 
at a time when it is needed by Standard to 
meet its war requirements for refined petro- 
leum products in the West Coast area. 

(ill) Place the Reserve in a condition of readiness 
whereby it will bo able promptly to produce 
oil in substantial quantities whenever the 
strategic situation of the Lnited States in 
the future may so require. 

(iv) Result in the eventual receipt by Navy and 
Standard, respectively, from the various 
commercially productive zones underlying the 
Reserve of the quantities of recoverable oil, 
gas, natural gasoline and associated hydro- 
carbons unaer lying their respective lands as 
of November 20, 1942. 

(v) Provide for the economical and efficient 
development and operation of the Reserve. 

(vi) Result in securing the maximum ultimate recovery 
of oil, gas, natural gasoline and associated 
hydrocarbons from the Reserve." 

Thus, under terns of the Contract, Navy acquired complete 
control and was finally in a position to operate the field 
as a true naval petroleum reserve. As a special consideration 
to Standard, a "primary period" was established and later 
extended during which Standard effectively received all of the 
Shallow Oil Zone production from after the war until 2 August 
1950. This production amounted to about 30 million barrels 
and was charged against Standards ultimate share in the total 
production from the Shallow Oil Zone. 

The unusual but necessary provisions for uhe current and 

ultimate sharing of all costs are extensively discussed in 

„ . „ TTT 147,152 

Chapter VIII. 

The Contract gives the Secretary of the Navy the final 
decision in all disputes arising in connection with the Unit 
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Operation of the Reserve. /Groover, he is the only party to 
the Contract with authority to terminate it. 

1^ 9 

Unit Operating Agreement NOd 4220 of 19 June 1944 . 

Contingent with the signing of the Unit Plan Contract, 

Navy selectee Standard as the Operator for the Unit Operation 
of N.P.R. No, 1, and the two parties entered into an operating 
agreement. Contract NOd 4220. This contract spells out the 
duties and responsibilities of the Operator and his relation- 
ships with Navy. It more clearly defines the duties of the 
Operating Committee; states the records and reports required; 
and outlines a specific accounting procedure to be followed. 

Whereas only Navy can cancel the Unit Plan Contract, 
either Standard or Navy may terminate the Unit Operating Agree- 
ment. In such an event. Navy would have the right to select 
another Operator. 

The Amendatory and Supplemental Agreement to the Unit Plan 
Contract, KOd 8477 . 146 

On 22 December 1948, the Unit Plan Contract was amended 
and supplemented by additional agreements. The boundaries of 
the Reserve had been extended to Include some land previously 
outside of the Reserve but later found to be on the same geo- 
logic structure of Elk Hills. The agreement extended the Unit 
Operation to these additional lands. Some of the other Impor- 
tant terms of this Agreement are listed below: 

(1) The primary period was extended. 

(2) The Engineering Committee was given advisory fxmetions 
to the Operating Committee. 
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(3) Maintenance readiness costa were to bo paid currently 
by Navy and Standard in accordance with their per- 
centage receipt of current production. 

Supplemental and Exploratory Agreement, KOd 7166. 

This relatively less important of all the Contracts pro- 
vided for the drilling of a well in Section 31-T on the east 
end of the Reserve, It was necessury to determine if oil 
sands in this region bordering on the North Coles Levee field 
were the same sands as in the Stevens Zone and thus if it would 
be necessary to extend the boundaries of the Reserve to include 
perhaps the North Coles Levee field. 

After drilling this well, it was decided that, although 
the oil productive sand was a Stevens Sand, a stratigraphic 
or other barrier apparently separated the two fields; thus 
no action was taken to extend the boundaries of the Reserve 



farther east. 
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